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(54) Title: INTERFERENCE OPTICAL SWITCH AND VARIABLE OPTICAL ATTENUATOR 
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(57) Abstract: An interference optical switch capable of switching in a wide band, having a high extension ratio and produced 
^< with a large production tolerance and an optical switch module. As optical multiplexing/demultiplexing means, a phase 
^ generation coupler (111) the output of which involves a phase difference having wavelength dependence is used. The total sum 
%/} 2 71 { 0 x ( A )+0 A L ( A )+ 0 2 ( A )} of the phase difference 0 x ( A ) of the light outputted from the phase generation coupler (111), 
00 the phase difference 0 A L ( A ) due to the optical path length difference of an optical path length difference imparting section (131), 

and the phase difference 0 2 ( A ) of the light outputted from a directional coupler (153) is constant independently of wavelength. 
S Thus, an interference optical switch independent of wavelength is realized. 
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yXrA (Point to point system) ^ttli:»^^nxn 
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ratio silica-based lxN thermo-optic switches," 0ECC/I00C 2001 Conference 
Incorporating ACOFT, pp.39-41, 5 July 2001) o 
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sn, msz/y? 1 4 1 titiik-^^^enw^. ^-1x20©^ 

fatttt^Sl 5 1,1 5 2&f^W£2#©3K#S0» OtBS«36##») © 
7^W&7fe&§ftM^ILte, i^CStl^A s (=1. 5/im) fT^ii, ^ 
L= 0. 5As (=0. 7 5 Mm) L= 0 • A s = 0 \Z.t£%> ^mM^n 

-HRfctJfflJRIBT^LjOSO. 5 A s fcgastsnws*^ 

y a y x yy^mmytM v ^tmtn^ 2 ^x-r ^ ^ t bxi ^ e> 

FIG. 3 FIG. 3 7 (C^T^A^cr >^?Mh^X-Y y 

B-Bm<D$mwrmmx'&z>o ^U3>in 6 i±cttOT^7x« 

i 6 .7 otllc^M^^xtM^nfeny^^x^ 1 6 5 

#*^ttsn, «^M$nn^. sfe, ±^7y^77ii6 7 

FIG. 3 7(^Lfe^^A^3i>y :: F#ftM7 , 6X-r^5 : -^X-ry^ 
1 4 l/^OFF^GDHf, ^y^teA*— tfcj&fc&tK A##i£i&l 0 1*6 
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10 £fr-5;i£tf*T#£o 

^OFF^IfiDH, X-fy^DXtll^^ if^nx^h (1 
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-^oin^l;: «£ D £ a;w-#- h 0 i^.T^§. 
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ftit & £ 5 & ox. yem&&<?>mkw&\zttvx&\ f * t 
y/\y^>&^&mMytx<y^&mm\zmMT%mmhm&isnx\,>2> c£ 

g£2 : T. Goh et al., "High-extinction ratio and low-loss silica-based 8x8 
15 thermooptic matrix switch," IEEE Photonics technology Letters 1998, Vol., 
10, pp. 358-360) o 

mmmm&m-f&mi&^&Ztt^Z ($M3 :S. Sohma et al., "Low 
switching power silica-based super high delta thermo-optics switch with 
20 heat insulating grooves*" Electronics Letters 2002, Vol.38> No. 3, 
pp. 127-1 28) o 

&tc, ±:m^y/\yaL>^=fmmmyt^y^^m^m^iiv, tnz 

SafRiffiL^fc^SIlttC^ONXNThU^X^^y^ C£8£4 :T. Gohet 
al., "Low-loss and high-extinction-ratio silica-based strictly 
25 nonblocking 16x16 thermooptic matrix switch," IEEE Photonics Technology 



WO 2005/003852 




PCT/JP2004/009773 



6 



Letters 1998, Vol. 10, No. 6, pp. 810-812), 1XN^7^1^7^ (X 
fflU)* 1 XN^U-i^X-f (3$CiiK5 :T. Watanabeet al., "Silica-based 
PLC 1X128 thermo-optic switch," 27th European Conference on Optical 
Communication 2001, ECOC'Ol., Vol.2, pp.134-135), ROADM (Reconf igurable 
5 OADM) 7.4 y MX NMDfcX-f I i:%l?t§ 0 

F I G. 3 9 fcW&CDfo&mtis&ytMy ^(Wavelength insensitive 
Switch; WINS) £^1% W I N S ftjjg 1 (DS^HISS 1 9 0 \Z, fg 1 1 

10 X\ mi<D&t®&l 9 OfcJU 2 0©*|HHt«^»15 1, 15 2<h, Cin& 

2 o©^iRitt^ig 151, 152 izm&nrcytm&mtfJa-m 1 3 4 «k d *^ 

£nfci£S$Sfe##:/^ (Wavelength Insensitive Coupler; WINC)T&£o 
^riRrtt«§^» 15 1 (15 4) ©^KJt» r x = 0 . 8 , #IrH£»£« 152 
(15 3) £>#l!£ltte r 2 = 0 . 3 > ^KSSItf 134 
15 A'L 1 (=-^IL 3 ) =0. 3 2jumT'fe!9, W> 1 ©S^HIgS 1 9 0 t. ^tl\Z 

3 5*MU f O^^Itt^l L 2 = 0 «$nt^5. fc«U ^ 

20 7^ (»J«Et-^) 14 2dW$nt^0> uOlIt-^§Ilt§^,i: 

CK&HH&te, ^©^^^/N^aO^Wft^-r-/^ (FIG. 3 7) 
<D-%fa&1&&& 15 1, 15 2 §^n^nw I NCiCB^m^-felelSSTfe^) t 
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n«^ttfi^*rs. >*nfc**u fig. 3 9©mi&«wi nc^i^t . 

v^cdt, &Sfc«ke>r#<£lfc&8&teO. 5 K:T£-<t#n?^£o wiNStt 

WINS 2 ^)©W I NCCMtfc^iStf Si^W I 

Nc©3tef&gi£f*#8& 1 3 4 1 1 3 6 fcw^^ffi^^^ mmt—?) 1 

4 1, 14 3^ML& (FIG. 4 0). WI NSf^lT^^OT, II 
1 0 1^6A^Ufef9^«tB^S«l 0 43^6ffi*$n«. 

*^##«B©ff J8ik— ^ hi, 142 r# 143 ^amu myt^mz & 
0 3^e»tt}^^n^ tts^s^i 0 4^©ffl^«ffi.±$n^o ^tomM^n®. 

&&&&&m'feVtz.M$k. 1. 2~1. 7 niOjE^SMicTl^tt- 2 0 

mti&m&ofrzi<Dffl\zmfcT%z-t\z&y. ytm^o&m&M^ 
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S^tt#lf&13 1 (FIG. 3 7) (D^myt^m^Ah+ 6-dL=0. 5 
A s -0. 5 A s = 0T&£o 

F I G. 4 lBfc, TO^T^f^-^^^TW^fiA cT03fc 
©W^-SOdB, -2 0dB, - 1 0 d B fc&l£Vittt0T&W<DWL& 

U ftmm&K.* D^riRrtt»'&»©»lftJt*««A« r 1 = r 2 = 0 . 4 
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rl = r2 = 0. 4£&o7££LTfc^^£it&T#£ 0 1*0$!^ &S#c 

^tofetf). ^ncD^^/w^y^wwcmytTs^ y^m^xh, f i g. 

10 4 1AI:^5)^tSfe#tt^, FIG. 4 1ATft *f 3fc»fiA s 
5 um\zmfeVrz$f<D, 1. 45~1. 6 5 # mOifcK^^T 

■ lBi:OFF«t8cDS3aJ|s©SlT?*S«^it*t^-rs. feU iBftlfc^SftHfi 

15 Tg^t$Mtf^0^f^^A s &*>b\zm< t%6 0 nm«^ 
^(DTc®, m?U**>b$&k 1 . 5 5 /imTttl)feJt(i- 2 5 d &Umz& 

20 2 fltt?R91 bfcW I N S tt^-&g©^teit©feStt#tt&/h 

So wiNc&m^&z\t\z&vm&m?&*'bz<-c%&i)K ±m^mx 
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rl = r2 = 0. 4 5\Zfc^1t£.Tn}*mytlktfi*. J &:<&4k'rz>o FI 

y&wam&wtMmrti& tiM^^its^t^ts. b^u 3^> 
<D&m^y?&mmzmW}-? : b!&n&$>z>o b»t, (i) ^y^y^m 

U (3) X-T^^>^lil^©WT;V^fUXA^$I^D> (4) tefli^ 

10 ^&^<Dfil3#JTl&0J!bfc^ 

' «tCOV^TCDiajfi©*Sffi©^XlKtbTTffi©fe©**a^5. "■" 
;£iR6 : K. Jinguji et al., "Two-port optical wavelength circuits composed 
15 of cascaded Mach-Zehnder interferometers with point-symmetrical 
configurations." , Journal of Lightwave Technology 1996, Vol. 14,No. 10, 
pp. 2301-2310. 

: M. Okuno et al., "Birefringence control of silica waveguides on 
Si and its application to a polarization-beam splitter/switch." , Journal 
20 of Lightwave Technology 1994, Vo. 12, No. 4, pp. 625-633. 

;£&R8 : T. Mizuno et al., ' "Mach-Zehnder interferometer with a uniform 
wavelength period." , Optics Letters 2004, Vol. 29, No. 5, pp. 454-456 

9 : BP 0382461 
Ml O : #fFfg3 1 7 5 4 9 9^£tfR 
25 XW(. 1 1 : tetfrfS 3 0 4 1 8 2 5 
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^HSibTfc.fcV*. N^^<f ^>«<hV\°^^— 

21 L (A), ^2(D^^^(-ckDI±i^$n^©^IBM^2 7t(f) 2 (A) t 
2% (A) +0^1 L (A) +4> 2 (A)} (ScSll) 

25 fim&M&mz?3iz>£.o \z-feizmfezftfcz.t%<&m£~rz>z.£\z < £K>, m 
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5 £7c, 3^©>fe^(D^2 7t (A) +<2>^ L (A) + <f> 2 (A)} 

(2m' +1) • 7C (m* te»C) JC^^n, il0^7>t¥i^2 07t 

3^0ffi*BH©iK3ftl2 7ir {*! (A) + <i>zl L . (A) + tf> 2 (A)} 
2m' • it (m* fcfcS&S:) $ 1 t» 2 ©3K^S? 

20 

it<i> 1 (A K ^Kfi^##SP©^W^8S*^zi L (C^@tl)fffif^ 2 7C <f> 
zl L (A), S2CD^^#©fc«fcDtB*^ns^©te*BSI*2 7C0 2 (A) £ 

25 Hcr»^jfn2 7c {<f> 1 (A) +<t>4 L (A) +<f> 2 (A)} aTOj£$nfcE£&*5rlR 
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<£(A) = ^JL / A + m / 2 - <f>c (^2) 

^7T*D, mi <D%&frW&Wt<0\&li<D4$m&±.& 2 ©^#&#j£©ffi# 
15 ©&*g^£©ftl;^ 

<f>,(A) + 4> 2 (A) = Ah / A + m / 2 (^3) 

^#§7c"t"ck aid. w,i oyt&ftv&WL'Rxx* 2 <D?t&ft$imm%:mj$,-rz> 2 -d 

(jiSUft) *>6^SN^H©^8Sfi^#^aBi:tCcfct>T*J5J&$nfcffiffl^' 
25 J»^K©^#W3teK*H©«fii&x* w . !fl2 3te2!*&&©3te¥Wftll&SIS©ll8fn 
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(s« 2iI >2« v )5^2s 2 , 2 >2%) ©^rn^^fc-r^fs^u ^tffi^^y 

25 NThUy^XX-f^^ 1XN7U-M77°> lXN^y^X-f^f, M 
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2{±}^^-h<hUXffl^7> : ^^^#iS[ ( J;-r^^i^J;D, -Sitt*©lX 
10 ^fe, ^l©^^S^X^^^O2^©m^*^CD0^-^^2OT 

^<i:-r?> PI-LOSS (/UttM^) 01X2 =FW^Myt 

mrc, =Fwmm^t^ y^£4>&< t%—Dm\ m cm: s«) a#n 

(N : &f&m mt}<Dy£^y^&Wj&LfcZt%mWlZ:~rz>Z£\z£r), N 
20 XN?h'Jy^W7^ lXNy'J-^yf, lXN^^^X-fy^ 
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(OXC) ^XfAWHFD^^i (O ADM) S'X 

T, ^DX^-h (101=>104) OMPc« 

P c = 2i?(A) • [l - i?(A)]- [l + cos^^ (A) + 0>(A)}}] ($C5S; 4 ) 

©#*feifcjWb<, R (A) T&3<hbfc 0 #31* & 0 \z.tz>\z\&2 n {<f>„ L 

(a) +® (a)} ^ 7c ©i^fg & <£ -5 ?crn^ck n„ b^b, ise*©^^ 
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0«a:fi[ffll6**fiJE*r* 21 £ <fc 0 > ttU&TffiffiSe 2tc{0^ l (A)+O(A)} 

fig. i «*5sw©si i mmm\z.%>ttz>=f-mwcM%7.<i v3 L <Dm&&m 

F I G. 2 kfcfcfgBJ©fg 1 ^Jfi^fi8fc^^*&ffi*liEa©jftSft#tt&^-r 

f i g. zn&&moWbinm&mz&tfttmwrm%^ >^©off« 
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fig. 4fo&mwo$&imMmmT*m^fcLfcm&j&%77<nM^m7:&z>o 
fig. 5 \i&mw<Dm i nmmm^m^rz.&m*kf&%7 : 7<DtiLm&<D&-§z 

f i g. 6 u^m<D^, l.mmmnT-m^frfiLm&f&x^^oftWitko)^ 

f i g. 7 teJtmwm i mm^miz^-f^^mmyt^ y^m^m 

f i g. 8 \z*mw<DM i mffimmiz&vz^sYmytZ'f y^<Dm^m<D 

f i g. 9 \z^w<z>m i mmmmo)^ i ^miz&tf&^mmmytX'C 

fig. io te&mmcom i mmmm<Dm 2 ^.mz^n^mwcm%^ ? 

fig. 1 ii$&mw<Df&2mMMMizm?&^&mmyt^y?><DMi&& 

f 1 g. 1 2u^mn<Dm2mmmm\z^n^m^miEm<o^^M^7^ 

fig. 13 tz^mom 2 mm&wjz&tfz^mmmytx-i y^mrn^ 

f 1 g. 1 4\z&^w<Dm2mMMWAz&tf%^wmmyt7.'( y^om^m 

f 1 g. 1 5it^m(Dm3mmMmz^n^mwrmyt^ y^om^ 

fig. i6 \t^mm(Dmzmmrm\z^n^^Wcm%7s'i y^-vmmm 
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FIG. 17 «*^B^©B 3^M^{-^^^)^StM^X-r '^©11$ 

fig. i8 \z*mmom4mffiMm\z&tfz>^mmytX'( y^-om^ 
5 f i g. i 9 fe&mmtDmimmmBJz&tfz^ntmftx^ y^-ommm 
f i g. 2 o*mm<D%4mMMM<Dmi^mz&tf&^mmytX'<y?- 
fig. 21 forworn 4nMBm><Dm i&mz&nz+wmmytx-i v 
fig. 22 u^wow, 5 mfij^iSK:* wtj-M^x-r y ^©$tj££ 
f i g. 2 3 ^^0j©^ 5 mmmmiz^^mmmytT,^ y^-vm^m 
15 f i g. 2 4\ttmwom,GmMBn\z&rt%^&wrmyt7.-i y^mm* 

•FIG. 2 5J«^BJ(D^6»7^MTffi^7c^^*7°^©m^;iaT^ 

FIG. 2 6 &«fPJ<Dfg 6 «^JC*5^§ WstM^X-f y ^(DitiW 
20 (Di£ftft##£^"rEIT&£„ 

FIG. 2 7 ^^B^CDB 7 ^^J-^^^^stM^X-r y?©^^ 

FIG. 2 8 A^^0jom7^M7^li(C^tt^^ftM> l 6X-f y^CDOF 
F^m(D3SM(D?S^#'[4^^-rBIT?^^o ' 
25 F I G. 2 8 B 7 il^liC^l^f #ftl)t7-f y^(DON 
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FIG. 2 9 S*fgli©i8»ilI*^5Wi^'f 

f i g. 3 o A^^m^msmmmm^n^mmmyt^ yf©oF 

F tttB ©Il$(D^St#tt BIT? & 3 . 

FIG. 3 0 Bt»^0J©^8ll«^^*5tt^WH-M^X-r *;f©ON 

wm&mmm &-j**r bit & & . 

F I G. 3 l^^HJcD^g^^^^^^^ItM^X-f^^O^^ 

F I G. 3 2A«^BJ^9^W^^tt^ r P#ffM^X-<^^©OF 

F I G. 3 2 B^^©^9^^^^S^F#thM^X<y^<DOF 

F I G. 3 3Af«^^CD^9HJg^tCcfe^^#W-M^-ry^CDON 

fig. 33 B\tt&m<Dm9mm&m\z&wttwmMyt^ y?-<DON 

FIG. 3 4A»*^©WffPM5 l 67,-r^5 : -^fflV^NXN7 > -l'^^©^ 
F I G. 3 4BJ«^BJOT#thM7 l 6X'f XNX-T y^Oi 
F I G s . 3 5 A- 3 5 E«#^S§M^mg§C9f^mx^^i^0J-r^>1i^;0T 
FIG. 3 6 «*^BJ(D^thM^X< y^£JB^fcft;W ytt&a.—JV 
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FIG. 3 7 \&RM<D'?<y/\yx.>?=F»WrmytX'4 v^<om^.^t^. 
FIG. 3 8 m&£(D-?yS\y3i>y=F&fl<my£M V 3=-©$r@EIT&5o 

fig. 39 r*se*©«ft*ift#X'r y ^ (wins) ©«}^&^-r«a:Bi 

5 *T?*S. 

FIG. 4 0 fifi^©»**tffifl5X-f vJ- (WINS) 

FIG. 4 1 A«»^©^ 1 W0#^TyA7x>^f^^ y 

10 FIG. 4 1 Bli^CDiil^yyf^-^t^^TW^A cT?03t© 
30dB> - 2 0 dB, - 1 0 d B \zMfe\sTdmoW&^V>WB&. 

25 &&M2x2&tti&mttm\zm.Q&vfxisfflir2>o vfrvtz&z. 
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m i ommmm) 

f i g. i \z*mjwm i mmMMjz&tf&^-wmmytz^ v^-omm^m 

1 1 1 ; 121 iz&&nfryt&&mtt I *M ni^ ^BS*n##aB nit 
m^nrc&m^y^ hu, A##ifcB& 101, io2t, ttj##&s§ i 

0 3, 1 0 4^e,i^nTVi§„ 
TyAyx>^#ff©Mii#tt«, FIG. 4 1A}I^Ufcj:5^ 

^©EI^t^ili^lBtlKKtSo ?y/\yz>mtt (FIG. 3 

7s#i) ©AAHsasi o i^&m^^A*b, m*«»B&i o 4*^a 

P c =0.5 .p + cos{2^(A)}] 5 ) 



• # 
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^SO^KJttt— 3tH 0 . 5ttTVi§ 8 ±|3^5^e>, «07^A7x 
>^*M-©tH*3MEtt^Kfi26ft#« 13 1 ©3fl»«K:jBH*r £&*B^# 

yAyi>^W0i 1 ©:>£-&#?£¥©: 111 fc3fe£A# U C©3fr&*Hft 

ltCO^*tS2*©^#&IS*^a*$nsjtOffiffl^&* 1 (A)> 
^W\yx>^#tt©ff£2©3te£#&^®l 2 ll:o»2*0Mi!S 
10 £}fc£A#U Z2©3fe^iHft#«l 2 l^£ffi#£n33fc©&*Hli£0 2 (A) 

P c =0.5.[l+cos{2^U)+ ( !5 i£ W+^(A)}}] 6 ) 

i^T^>^i:^T?#-5o ££T> :'ffe*B|g©J8jftI2 7C {<*>, (A) +<f>A (A) 

+ <*> 2 (A)> *t»[fiMtt#fc^««k5fc»:^rn«, mti&&&$i&mtfcmz 

fflMg^Ot^t), ON«l8'T?ffi*3fif|g35«it^:S«fc'5K:-rn««k^. bfc 
^T, &*B^©rf&ftJ 2 tc {0, (A) + <f>A (A) + <f> 2 (A)} j&tm- tt (m 
20 ttgEffc) £&££5l£lS3rrnfct m^fiDl^ttOFFm m#4B8c©l$ 

my (a) ^#m-r^o (a) K-zn/AT4x.6n§^, &*b*$ie 

*^ (A) 
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X 2 

tf2.Z>o Z\Z\X\ MXttm=-l. ^L = Ac/2 (ActtSgff«0«f^ 
ftl. 5 5Atm) IzWtfeVrcmOtiLmffilEmV (A) 0^fife#tt$FIG. 

mm<DTy/\y^>^mmzF i g. 2\z^tc\±mmiEm^x^^k 

3„ &M % Z<D£5fcyt&frW&Wl*:tiLtt&Jfo2j77 (Phase-generating 
coupler: PGC) fc^ttttS. ffl^OffifflH^SESft^SWr*^ 

m<Dft&&&tt^<Dym&m;&mM'irz> sticks, n©^M?t©» 
&&tmti<D&m&&&m\zmM?%zLft^%&frZ'?&z>o mrcs 

f i g. i \,z^hrc^mmmm<D=fmwrmyt^ -f? i 

/711 i\z^tztfz2*<Dytmwim*zmtit£n&yt<D&mm%:<t> (a), ^ 

2 l{C-Q^^)2^:©3 , 6S«(C7t^A^b, d©^^^ 
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A 2 

-Cfcffi^*^ 1 1 1 ©— I G. 4td^fc F I G. 4 tej^T3fr&# 

m^m mmzn&x??) nut 2oo^tt^-&g§i 51. 152^, 
• ^<d2^o^t[rH4^^i 5i,i5 2 2*<Dy£mmv&frt>]&2> 

m^$&-&MH^ 1 3 2 <h, A^S^SS 10 1, 102i, ffi*#«BS 1 0 
3, 1 0 4 <h)fcS*g/&$*lT^3 0 
JIO^^^S 111 ©#^#ifc0MH«©+£4ft* A c = 1 . 5 5 Mm 

2"5©^tt«^»l 5 1, 1 5 2©$H£J*£, l^Of^HSIM^l 

_fciB©fc5£ 5 , 6 tmmofrtbm Ui2 o^$Hfe^©#&Ifc&--j£te 
Kit©&Sft#tt^«Efe-S^«^5fc^^^©!*«:feUfc. 

0 3, 1 0 4)&>&ffl#$nS3te©&fflH©ifcl^##<f> (A) £#8:Jfc©ifcft 
ft#tt&^n^tlF I G. 5, FIG.. 6iC^T. F I G. 
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S0fS®§l»[*l^l^^itVifc. FIG. 5, FIG. 6TH M0!I£bT^ 
L£0. 34Ac (=0. 5 3 Mm), m£-l, <f> c £- 1 /A fclMLW 
%>„ ffiQ2zi&*l7?nft®Lltifi]l$tte0. 5 CD 3 dBJte#$Hft^Ril/T*tBU 
^©ffi#©&*B^<f> (A) te&5^#{blc&^&&ffi*iIE*¥ (A) £«a 
5 — ®[f 

F I G. 7 fc, tOfiffl4j«*y7 111 *ffl^Tf^«bfc^Sfai^-r 

y^<D¥-mm&7x~?o HLm£.m%77 111 s«^t5^i«ittii8^i 5 1, 

• 1 5 2 ©^HtffcS-tn-^n r , = 0 . 3, r 2 = 0. 7tU «/.Mfili&filSffr-5- 
8B1 3 lO^SISS^L, = 0. 3 0 Ac (=0. 4 7 Mm) Kl|£5tb7Co * 
10 fc, T^i>^tH3 1O.3fcl&^^L = 0. 34Ac (=0. 5 
3/im)tU ^I^H4#S^8§1 5 3 ©#l!£ifcfci r , = 0 . 5 ^i£/£b7c 0 7ctf£U 

ytmmmz, —*<D%mw6 (it.»Tii0» fc^-rs^©^^© 

t^ttJUS'&S&l 5 3'^^W^>2^:<Z)^?SBS©^RI«2 5 0 Mm(Cb7t« 
15 7^ (phase shifter) 1 4 1 tbTttilk- <B£4 0 #m, 

. ft$£4mmk:lR!^bfco 

0. 7 5%, 3^»K037iItt6 x 6 Mm 2 <£"5 fcf£$gbfco 

20 ^ ©^ft-soex -r y ^a*fe® $ nfc^- y ^ s y-i >- > ^tc «fc o m x> m b , 



# • 
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m*ytto¥&&tt!£& io. sac • k (k«o wwmk)} ^ft^t^t, 

^^«^L+6^1L=0. 34Ac-0. 5Ac=-0. 1 6 A c 

m^$n^>o -r&frt^ a#^— h£i o 1 <hu w-hsi o 4tvtc 

FIG. 8 \Z. ll!lSb7c:M^©^ft<|#tt^-r, lt^(D7c^^, F 

i g. 3 7 iz^-r^t^(D^v/\y^>^=fmmmyt^ v^nmw&om&tii 

ftM^?*? (Ilk-^) 1 4 l./^OFF^£>R#, ^5g^OT^fi-M 
15 3feX-f y^te 1 . 4 5 ~ 1 . 6 tfm©j£^t^Tr- 4 0 d B^T©Si)!£ 

itfim e> nfcc v' 7 ? & o N^nic bfcBt, - &mMJ&M<D=FW$tmy6X'( 

©A-< ^^>^Kjf^ic^bxv^7^6e), ^#&^f£©#i!£J«^fti&fi 
25 -1.6 5 /zmcD^HTi^^tb^t^n^cfc^ £!8:fM,7c^\ &*B*fSlE*£ 
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tt*i#o3te^jS[¥©i:bTN+ lis mzisk±<Dmm 

»Jt«A*i»S: 101, 10 2 tb» 1 0 3, 1 04 £A##i& 

B§<hLT£!fflu 101,1 o 2&mtiMWi&£VT$imisT*>m\5®mm 

20 $k±mmhfc£.5KL. \zzz xmm v tz.mm krb e> t, mm±fttv 
xB.rz.miz, mmvrc^^m^mm^m,±mx^^mm-r^yt^^ 
m<omtiom.mmtytm&mii^moyt^m\zmm^^n^(Dmm^m^ 
#i«tofipic3fes«k5fcia3fe*rnwr, #^ss©a«, #w©^, 

25 m\m.%^ y^&m&rrz z 
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(iioiWMlWJ) 

*&m<D& i ommmmom i jewra*, fig. 7 t^-ras i ©^jse* 

tt4B^*^9 1 1 1 ©#^#»*««©*&SEftA c = 1 . 5 5 jtzmT 

•CXD^IrJ^^ 1 51, 1 5 2©#l!£Jt£, lOfiDt/MftH#^l 3 
2©3tel^|g&^^ffiiHte«kD:fc«>Jfc. -£©*e^ #l*H£8r£« 1 5 1 , 1 

• 5 2 (DM&it&tnjen r , = o . 1 , r 2 = o . 6 £ u a/j^BSssE##sp 

13 2OMfii^^L, = 0. 27 -Ac (=0. 3 8 Mm) t. U ^ft'IfeSg 
10 5 3©$H&Jt&r, = 0. 5fctS3£L&. Ty/Myx^TittO 

««^tt^lL = 0. 37 -Ac (=0. 5 3 Mm) iU 3t^»?Sl!ll 

i t^ifi(rtfeit : &« 1 5 3 &ifgA,w§ 2*<Dytm®.®<Dmm\z2 5 0 wmia 

15 IKt— fOi4 4 0/ims f©5^S4mml:itlfc, 

±IB©»!tHfiK:£'^ 7*h'Jy^77^fi«, SJS14-f^ 

1. 5%, 3tW®37»rffitt4. 5X4. 5/im 2 ^5i5tfflUco 

20 fee mm&<Dttmm*&ft<-rz>t. yr^/m^m^»<Dmam. 

25 10 1 — 1 0 4l^»m-F7 7^fA £g8KU Ilk 



# • 
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y ^#lt 5>X t- A & £©}frlft tAIC^ a-t § CI £ # § o 
10 mtlMfe&l 0 4frt>\,tmtlt£n?3:^&0\Zl,T^Zo FIG. 7 £ 

131 ^r^-r^. 2*o«^©5 
!&\z&r>^mt£m&&*m^(D¥&&mmfr to., sac • k <k«:<m 

^■(OmWO) mtZ^Zt. yt$&-gzMte<4L+ d 4L = 0. 30Ac + 0. 50 
15 Ac = 0. 80ActfcL d<DRf, &Mz/7& (OTIfc:— 14 1HO 

20 FIG. ttM<DfZ#>lZ, FIG. 

25 T&»fci?A&*cj&*#£ftfc. 
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(jg 1 ©^JfiJBI8©fB 2 ^#1) 

:£3§BJ©|g 1 ©^JtJ^IB©*2«»«T?W:, F I G. 7 iC^f^ 1 ©Hi2 

fltfB£j&fr:77 111 ©^ilt^tMtOffM^A c = 1 . 55 /tmt 
5 ftfeO. 4 5^0, tB*$tlS3te©lfcffilS**±aB©«^8S»fe*r<k , 5K:, 

2 ^©#ft44i?Si!r&gg 1 5 1 > 15 2 ©#&&£» 1 -p©«/J\M6i&fi£##SB 1 

3 2 ©^lit^l/Jeifiiffilfa *©«S«, ^fnjffi^gff 
15 1, 15 2 (Dfrmtt&tn^n r , = 0 . 4, r 2 = 0. 8iU $R/h3fcB& 
S^tt#gBl 3 2©^*^^r^L, = 0. 3 0 Ac (=0. 4 7 jtm) tU 

10 ^iRltt^^l 5 3©^lt^:r3 = 0. 5tClS^bfe„ g;fc, Ty/V^z^ 
^F#th©^l?SS^«^L = 0. 32Ac (=0. 50Mm) 
. till i^|flrtfett-&» 1 5 3 SlSAfTVi* 2 *©3t#ifel&©lffllHKJ: 5 0 0m 
mfcbfc. fcfcU 3teK«l»-^©316#«[K <en?tt~FflJ©ft*&> KMTS 
fi!t*©316»«tl&©ffl^«IJa:3teKft*.*6t>UT^S. ^ffi^7^ibTtt?WSI 
15 h— ^SrJB^, 4g£4 0 Mm, I^8mml:i^bfCo 7yAyx>^ 

mts.ym j m%-tfiA-L=o . 32ac(=o. 5 0 Mm) \z.izz>&. ; 5\zm&\sito 

20 JB^*©&«#?^fc^ttiteB&©:B$*i?&*. ^(Dtctb. mm6&J&f&L1t®. 

Tf^?>o ^©7t«e>> 3teKSSi5^o (*) ©^^ftx^^&f^muT&^r, 
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7 5%. M^®3 7lfl»6 X 6 urn* t^i^C^ibfc. 

1 0 1~1 0 4\Z\Zfrm^7 h^T-fA* (H^b^VO &ga*U Ilt-^ 
■Ulfcttl&iUrH WSL&VV) Si^bT, 2 A# 2 mtJ^-i ytt 

(Ilt-^) 14 1^0FF»^ X-f y^»A-JKJBfc*D, Z\ 
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{o. 5 Ac • k (Mtouftomm) mtts^&hytm&m* 

<dL+<5^JL=0. 32Ac-0. 5 0 A c = - 0 . 18Act^fc. 

D/A#iiM&i o i^6»A^^n^i&^^tti*^s&i 0 4^e»tB*$n> 

h 7. -f y ^ £ UT^fgf § £ £ b fee 
FIG. 1 OKI, W3£bfeSjasp©«[ft«rtt*^*r. Jt«E©fe«>fc> F I G. 
3 7 ^i"-fi£*CD T 'y/vy x. > ^P^ifS^X y^^ia^O&S^tt*)^ 

y^tel. 45-1. 6 3 0 dB^T©^it*li 

(Dyt&ftWimm 7?i 1 1) <D#mit (o. 45) $52©^ 

<^iRitt»&»i 53) ©#&jt (0. 5) 5 fciafi-b 

2 (Dmmmm) 

FIG. 11 te*»^©»2^»ttfc*^*WK-ai3teX-r 

(flpffl^*^^) mtii2t, ^ne»^M^ 

Ill, 112 fc«E*n«:^IWB6ft#aS 131t, ZL<DX&&mtt*B 1 3 
ltc^$nfeffi*B^7^ (Ilk-^) 14 It, AA»«iBl0 1, 10 
2^ Hi7J»SKl 0 3, 1 0 4^6llJSnW5.' 
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tiimo)&m£.J&%77 111 fcft*A#U ZLOftMZL&tl'?? Ill fc-Dfc 

&*B£j&#:/?' 1 1 1 £ 1 1 2 <D\titl<Dfomn<Dfa&®3* ! &*: 
tiLMSLfo*?? 1 1 1 £ 1 1 2tbT, ^WetlF I G. 4 

mnsz&iy??) u> 200^^151, 15 2 1, ^52^© 

3&lfctttfr&» 15 1, 15 2 Si&ArW* 2*03te«t»[8S^6^S«/J^KS 
i#^13 2i> A^KlOl, 102t, ffl*i$K10 3, 104 

= 1. 5 5itmwn^nifco. 5£-&K). mtjznz>yt<Dim&&±.f&o 

^»15 1, 15 2 (Dfr&ttt. 1 OODm/J^S&fi^^SB 13 2 ©"^BSftH 

c:0DJ;^^f^b7c^^a^^7 ,, ^ 111. ll 2 0tfflf©M©I^F 
IG. 12C*t. ttffi^*^7T»iE-r5fl:*B*liE«Y (A), f& 

fe^±BB©lftS9©*jaT36$nsmM©ilSfc*^^iftV^- FIG. 12 
T}1 WJttT^L^O. 16Ac (=0. 2 5 Mm), m£- 1 KligJgL 
W3o 2^©ffi4B^*y^«^ttJfc*« J E"n^n«!&faO. 5©3dB^ 
MtltllU ffiffijeO'&W-*, (A) +<f> 2 (A) fcMftft*ttt#fcte& 
H&1£*B*£IE*¥ (A) fcttta— %C?Z>Z\t.i$K>fr2>o 
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FIG. 1 Sfc^Kfcf^Slbfe^ffl-ai^-f y^©¥ffi0*^*r. 
^^7111 S*fiJc-rs^lRH4«S'&« 15 1, 15 2 (Dftmik&^rft^n r , 
= 0. 4, r 2 = 0. 1 tb, f /J*fiilt#8l51 3 2ttIlMiK^2 

m$w&<D2*<Dym$mftttQs *n*tiv>y(&toym&& /n=s o 2. 

5 3 2/zm, / 21 =5 0 1. 9 9MmfcW!3gU "tO^WJtBSJBIft^L^ / 
11- ^21=0. 2 1 Ac (=0. 3 3/im) ibfe. feS—^fOiatfB&jfcfr:/ 

711 2 &#£/^r s^iRj^^gg 1 53,15 4©^tt:^n j enr 3 = o. 

■ 2, r 4 = 0. 3tU «/hftKft£#-MBl 3 3 fc^ 1 ^#&8&<hJg 23fci?m 

10 ; 22 =4 6 3. 6 8iMm\zmfev, ^<Dyt^mytm&m&4L 2 == J 12 

-7 22 =0. 17 Ac (=0. 2 6 Aim) ilL ^W^T«2 

ommv&^oKmmm&tt (fig. 1 3<d±<m) \zm&t2>&5®& 

±fC@BfiL/7Co Tfefr^, 2« M = y 1P 2« 2>1 = ./ 2 p 2«i t2 = / 12 > = / 22 ^; CD "C> 
£^JL=0. 1 6 A c (=0. 2 5 Mm) <hU J^S^ftl 1 1 £ 1 1 2 

*»^tv^ 2&<DytmwLm<Dmmfc2 o o MmKibfe. ^7^141^ 

UTfcJSMJIfc— II$40/im, ft^^4mmit|g^b^:o 

1. 3te*SK037»fffitt4. 5X4. 5MmMl^§J;5t^Il,fc, 

1 0 i~i 0 A\z\tzy>if)v^-Yy7^ n aa^u^) zmmv, mmt 

25 — ^ 1 4 F (0^b&V>) &mU^T, 2 A7j 2 (±S7J^X-r y 



WO 2005/003852 |^ PCT/JP2004/009773 

37 

i? a. — )V £ V tco £ <D=Pmfrmyt7, -f V ^ a. —)V <D7. <i v > 

##2£B§1 0 l^e»A*l/fc»-&K«-#3te«W**»BSl 0 3^6l±J#2ft, 

• l£ffi«U f»^Sa*l3cfcO^¥«I^Kfi&«#3te©¥»[fi*Ba^ {0. 
5 Ac -k (kteO^<D»:)}^b£i2:££, ftBJHBfctd L + 6 A L = 0 . 
10 16Ac-0. 5Ac=-0. 34Ac<h&o7c„ £©Bf, ®M*yy & ($fl£ 
fc-^) 14 1 fiONWA'f y DX^ItS «9 , A*»«K 101 
*&A*.&ttfcflTOfett, ffl*#«aSl 0 4^6ffi*Sn*. Tfc:h"5, A# 

^-h^ioitu m^^-b^i o 4tbfcR?te, -a*a^^^i4i^o 

^<Z)A-f y^^^SIBTtfc. 

FIG. 1 4(C, **Sfi^«8©WShSlA-r y^OjHOfeLjfcSiasp© 

fig. 3 7i:ir«©-7^;\yi>^f 

20 l^OFF^lOfflC, ^W^OT^fff-M^6X-r^^«l. 45-1. 6 
<im©i£;^IflcT-4 0 dB«T©i«^jt**#&nfc. ffiffl^^^SrO 

25 v>Tj£#«^fefesffi^it&^b, io©-ia:ffl^7^©*Tj!2:#«A-ry 
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~i. 6 5^m©*6HTj«^Jt^#5n*«fc^K:W:thbfc*«, *s«Wttc:n 

15 mfc£©» ffi*©^ft^T^3teJt^#e.nS«fcatcT§^t^T?#<5. $ 

sic, mti<D&mmmmm?m*m^yt'£tftwtmmtvT, n+im <n« 

A^©flfi©«l^©^^&^aSfflViTfc^Vi„ £7c, *^JS^lg-eitt^bfc 

3 m <Dyt&&mtt-$m tiz&i TT&mmytx 4 ? ^&mm vx % & ^ v > m 

25 Sr#mbT^^tt^^L,T'fe«fcVio #^«!9g«S©#j£fc:fetr>T\ 



WO 2005/003852 




PCT/JP2004/009773 



SKS10 1, 10 2iL&^ 1 0 3, 1 0 4%AJim$i&LLTmmV. 

ioi, i o 2&mj]m&&£isxmmvT i bmv%}mm*>nz>o * 

mM&m$, _tfB<Z)$C5S;9 <Dmtf- l £5 fclgfl-LTS:;^, mfct+ 1 Tt> 

fig. is \z*mm<Dm3mnmm\z&tf&^mmmytz>^y^<DMj&& 

SJ#^3te-&^«^S <&*B£/&#:^) lilt, 5 3^ ft 

ttfrm^&i i l^ck^iRitt^^i 5 3fctfe*nfc3te8&fise##a&i 3 1 

£, MfiH^f 13 1 (C^$tl^ffi->^^ 1 4 1 <h, AtimWi&l o 

i, io2t, mt)Mm&i o 3, io4^e>M$nTv^. 

&«*^llltl/T, 2-D<D^^U^l 5 1, 15 2£, 2 0CD#ft 
teilg-g-fg 15 1, 15 2 2*©MWS^I>»/J«fill^ 
#g&l 3 2 5i^$nt^5^t?S^^TV^. sstc -~ft<D 
&m*s7& 1 4 l©fiaSBi£»©3£«±K:3<H©Bf^»l 6 8*W$nt^5, 
FIG. 1611 FIG. 15 f:^tf#tl-S7feX'f y^©A- A«^«»f 
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1 6 7 (D^miZfeft&Zktf^TsT^I&tEntcnTtf^Xffil 6 5#gBt8:£*U 
5 KDM#J{C«, lriil6 8«SnT^§o £tf>8frj|?tfPll 6 8<£>*fl 

^ffi^^y^ 111 <Dfrmtk-t)m&mm<Dtp'bWL&i c = 1 . 5 5 um-v 

^C»^fS]tt^§§ 15 1, 15 2 (Dfrm&t. 1 ^om/JN^ftUtt-^ 13 2 

io (Dytmmm^wmm^m^T&miz^ v$t®tc a tou^ ^B^m 1 5 1 , 

1 5 2CD^Jt^n^nr, = 0. 1. r 2 = 0. 6<hl,, 
g&l 3 2<£>7Ei&S^£^L l = 0. 27 -Ac (=0. 3 8/im) it, ^tt 
J^^l 5 3<D#l!!£ifc£r s = 0. 5(d^b7Co S^:, ^^A^ai>^#fff 
©3teS§*^«^lL = 0. 3 7 • Ac (=0. 5 3jtim) ^ftfgl 

is 1 1 ttm&m&m 153 &m/u-e\,>2>2*<Dytmm.&<Dmffi\z loowmt: 

^£JBV*v ipg£4 0 urn, fi$^2mmfcitU&. 
0. 7 5^,7fc*«IS©37 r »f®tt6X6 /xmM&rffci&l 6 8©*i»7 0 

25 1 0 1 — 1 0 4td«~>>^;i/ ; &— H77<A (IH^lxfo^) ilk 
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1 0 l*i&«^3&SA*bfc*^kl##3tettffi*#«£BSl 0 3#>Sffl#S*U 
• IBAiSUSl 0 4^e»«tH^$tl^Vi«k'5iCbT^^. ^^Tllt~^ 1 4 
l£ii*U »3fc^*t«fct)3t#»^BSS*«^©¥»t©fflS^ {0. 
10 5 A c • k (kW:0K^©aE»»*ft;***fc, 3fcKft3S«<dL+0 2IL=O. 
37Ac-0. 50Ac=-0. 13Ac^oL £©1$, $M^7$ (W 

.'#-h*J. 0 ltU ffift^-h£l 04tbfc«F, ttfr>7^14 l^OF 

15 Ftt«T?ttfln^6W:ia**n*r, fam^y? ui swoN««T?w:flnt3te3&«ta 

«©^-f y^>2fS6fls&fllKT?£fc. ^l^TttAAilK^ 10 1. 
10 2£U£#*, 1 0 3, 1 0 4SA**RKtUT«iU 101, 102 

mz. f i g. 1 7 \z*mm&m<D®mT?wi£i'fcmmm<Dm&mp&*7x 

3-1. 6 AtmOjSV^S^T— 3 0 d BB4T©Sft»3tJi:*»#6nfc. 
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tfmt}*m&xfri£<fflxz>z\t.-tfi~T: ; gtc.o h-zz/u. m<D^, itmt&M 
t&£u miz^uftv&m&ttm&^sv-e^-cTbBkK. ^mmmmx^v 
tz&? \z¥WMM±izKmm&ft<DMmfimf&-2nT^T%&^,> 

fig. is iz^mm^m^mmmjz^^mmm^t^ y^mm* 

M&t. ^y^oFF^m(Dmizm^(Dm^m^m^\z^r)mnytt:m.± 
T^3©-c, M^ffi&m^mzit^xm^mytikfimzn&o 
&mm$. f i g. 7 \z^tcw>imm^n<D^mm%7s-i y?-*2tim 

J] (FIG. 7(D1 0 4Kl*fJ&) -tfi'&Wt (£ti#M) OfM^X-fy^l 7 
1<D— -fiCDXj] (FIG. 701O2«) CtlSnT^D, tu^OT# 
ff«7.-T >i/?17 0 (Dm^(Dmi3 (FIG. 7 <D 1 0 3 teffl£iS$E 

tS (FIG. 7 CD 1 0 1 fc*f J&) fUMWlOlibT^^nt^^ 

a^^5§i o i tmtim^mi o 3<Dmtptem^z5zmv. ^mmmmi 5 
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0 ©-#©A# (FIG. 70101 £*U&) «A2J»&B& 1 0 2 £ LT^ffl 
^tlT^D, tlOfMI^^'^l 7 l©-^ffl^ (FIG. 701 

ffiffl^^^^C^lKit^SM^©*^* A c = 1 . 5 5 # nHMBteO . 

15 1, 15 2 ©5Mkit£ l o©1R/h5ttlWB6ft-^« 1 3 2 ©ft&g 
Sife#«4affi&fc: J: ^-©^m> :&|SH£IS£»1 5 1,15 2©5H£ 

■ tt**n^nr,=0. 3, r 2 = 0. 7 £ U **3fclHUStt#aB 1 3 2 ©ft 
j&fi^zlL, = 0. 3 0 Ac (=0. 4 7/im) tU ^^15 30 
10 ^tt^r, = 0. 5fcK)febfc. ^yA^:t>^FgsH-©ft&SgW^ 
L=0. 34Ac (=?0. 5 3 Mm) tU KMfillli^tt^ 
#§15 3 &*gA/CV>* 2*©316«?feK©MIHW:l 0 0 /imlllfc, fctffU ft 
■ KSHtt-^©ft#»El&' (I^BITttTffi!l©ftlS) fc2frStf!l#©ft#ifcB&©ffl 
#WfcftB&S§*&:fc>bT^S. &*S>-:7^ 1 4 1 tbTtefiMfc— ^£JBV>, 
15 f0H^4O/im, ^©fi$^4mml:i^bfc„ 7yAyi>^M03l6 
»g£IW:*KML = 0 MmfcRJtbT, EHB&fMl/fcft, ilt-^ 14 1 

j;*f^wfe»^«tfaa*ff ^ -c: t tc:<k d , ft^w&fts&s^a*^ l = o . . 

34Ac (=0. 5 3 Mm) *C&S«k5 ICJS&bfc, 

**i^itOTSi##^i 3 i*#ij^-r*2Sia©ft3»»K^-en-6n 

20 2 90fIk-^14 1^MU — #£^MinfSWg&CJBV^ ftfi^^X-T^ 

bT*>«klr\, £fc> IIk-3'14 10WffitT^I»L, «flfc©*«lt- 
*©EMm^n^n&&oTfc>T'b&V>. t£ZK&it* «ftH#^13 1 
25 2 ffi0^iM0llb-^ 14 1 SITOfcJB^TJBBfintllWaa'* 
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5%, M»037Sf®tt4. 5X4. 5#m 2 , »f|»jjf©ffitt7 0 #m, 8B 

ioi~io4i:[iMy7h77^A* (H^bfe^) mmt-* 

1 4 lfclfciJ&ttU-F OBjRbfcVO $g«LT, 2 A# 2 fctt^X-f y^^E 

. Gnm^y? (Iiit-^) i 4 l^oFF^ontv. x-fy^ttn-^titc: 

15 V>3. £<DRf, 2O0S*Mif 1 7 0, 1 7 1 *3 fcH#iimi2& 1 0 4^ 

(0. 5Ac • k <kfct0EJW©S8fc)} S&fbSit- 
5fr&ftlt«^ L + <5 ^1 L = 0 . 34Ac-0. 50Ac=-0. 16A 
20 ch&ofco im^y* mmt-#) 14 1«ONtIW>yf 

0 4^e»ffi*$tlfc. *»JT1iA*i»10 1> 10 2itfc 

1 0 3, 1 0 4$AM»tl/TfffiU 10 1, 10 2StliA»$B 

25 »fi»flf#iifi*«^$nTv^fc«), y^>tfizm~rz>tiLmis7?<Dmmm 
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fig. i9c, ^mmmmcD^mwrmyt^ y^omfevtcmmm 

0iftft*M£ftj**r. ik$XDtztblZ, FIG. 3 7 fc^ttf*©T*; A7i>^ 

5 4 1 #0 F F tKH©0#> *^7B^O^F#tf^X^ v^fcMWfMJMGtC 
<fc D > 1. 45-1. 63 tfm©K^$I»- 6 0 d BKT©J**^Jt«« 

#enfe. 141 ftoN«iici/fc»j, ^js^seo^ffhai^x 

10 £ic:£!9> l^OT^^X-r-/^<hbTaHg^1±^e:t^T^feo 
^#&#©©#i!£itmii^&§ft^^^ 

(fg 4 (Dmmmmom 1 i^m) 

25 FIG. 2 0 fc*^B^©^4«^©^ 1 ^WJK&tt5^#fff-SBfc;W 
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y^m^m-to ^mmo^m^t, f i g. 1 3 x^-rm 2 mmmwr^m. 
m^M=f- 170, 1 7 1 \z& vmnyt*m.±'T?%z><D'v* m^m^m^mmz 

IG. 1 3O^^m^2-a > |B«^nT^§ 0 ^-UT, Mmo^&nYMyt 
X-T 1 7 0 (D—JjOmtl (FIG. 1 3©104 IzMlfc) &'&&(D=F%?m 
m%7s^ y^l7 1 <D—Jj<DAtl (FIG. 1 3 <D 1 0 2 fc*f/S) KfiMfcSn 
10 T*50, i^TMS^yf 17 0©ffi^®iii* (FIG. 1 3 <D 1 0 
3fc;fchft) ^tH73it?Sl 0 3 tLTlfflSnt^S. ^OT#tf-^X-f 
7^171 (DmJj<DXll (FIG. 130101 td^) teA^ifc!® 101 

tisX&m-znT&r), a^s^i o i tm^^ssi o 3©^«sv^c 

15 7 0 <D—-J5<DAtl (FIG. 130101 fc^fjEO teA#S$E8§ 10 2tbT 
^ffl^tlt^f), m^OT^tf^T.-f 1 7 l(D—Jj<DmJj (FIG. 1 
3 £> 1 0 3 fc;fcfj£0 ttttSMti^l 0 4tbTfffi$nT^5. fc^A;, iu 
jfi©^4llJffi^lB©J:'5K:2#<3!)S*#l^* ; ?l 7 0, 17 1 £I^C[Hi#t;:g3 
SbT*>&v>. IIII&WX^Maffiirr&D, »J;5}:2^0i* 

20 Mi? 17 0, 1 7 lftWcSftTCbJ^U mizMnXhfr&tifc^o 

thffi*ffl^fc. fltfB£jfc&:/7 1 1 1 1 1 1 2 (FIG. 1 3#M) (Dftmt 
*sjR*fH«©»t»iMfe« A c = 1 . 5 5 At m Wft-£n8l&ta 0 . 5 £fc D , tB* 

25 Sr«^-T§ 2 ~D<DJ5fa&m&m 1 5 1 , 15 2, ^1 5 3, 1 5 4 <Dft1£ 
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Jfcttt/hft&StStt^SP 1 3 2, 1 3 3 ©ttB&fiiS£^fi|II*&ifi4Kfc:<k 
fee *-©*MI, -^0tffi4^*y7l 1 l$i^5^tt»^«l 5 Is 
1 5 2 (DtoWttttVen r , = 0 . 3, r 2 = 0. lit, f/J«SM4 
ggl 3 2<D}ft&S^£^L 1 = 0. 19Ac (=0. 2 9 Jim) \zmfeVfc 0 fc 

$tm<Dmttm£yt$&m&&t>tiVT^z>o ho—^oitm^m^^^ 1 1 2$ 

ffil&-?Z>Jj 1 5 3, 1 5 4©^Jt^n^nr 3 = 0. 1, r 4 = 
0. 3 1 f /J^^ftit^ 1 3 3 OMSi^^l L 2 = 0 . 19 Ac (= 
0. 2 9 Mm) £7c, ^y;\yx.>?^Wm(Dym&m-£A-L = 

10 0. 16 Ac (=0. 2'5 uia) £.U 1 1 1 1 1 1 

V^2*(D^^(DP H 1Pg«l 0 0 Aimfcbfeo ®M*sy *? 1 4 ltl/T«f 
.. Mb— ?&m*<\. : £<Dm%:4: 0 Aim, .^<DS££4mmK:ig^L7Co 

15 1. 5%, ^S^g§<DnT®f®«4. 5X4-. 5 um\ mmmi 6 8(Dm\*7 

1 0 1-1 0 4tCtev'>^;i/ ; E:-F 7 T-T A* (E!^b&<A) £2g^U mtb 
20 -^14 1lc(i*&«U-H (H^bfeVi) SgibT, 2A*2tH#7fcX-f y 
f^a-Jl/tl/fc. ZL<D=fW^m^t7s-( ^^^a-JKDX-f y?->>fW& 
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zom, 29©s*Mf i7o, 1 7 uz&vmxmm&i 04^ 
fno, 171 oiin-^ 1 4 1 ^itt, myt^mmz&vyt^mzyt 

te^m^JtO^teMM^fr {0. 5Ac • k (kteO&W<D»t)} ^fl^i* 
^>i:, ^S§S^«^IL-a^lL=0. 16Ac-0. 50Ac=-0. 34A 

0 4^£ffi#£*lfc 0 #£jfc0ira*A:&2»iftB&& 10 1, 1 0 2 £bfc 

1 0 3, 10 4SA*»S»tUTffifflU 10 1, 10 2^ttlMM 

*©1/10 \Zffl&Z> Z <h^T^fco 

5^[:.F I G. 2 ltd, ^MOfiH-i^X-T y^<Di^bfcMii^<A$t*<& 
te&^t". FIG. 3 7 tStt^©V7A7x>^li-S 

1. 4 5~1. 6 5 wmOjS^Sg^t- 6 0 dBJBTF, 1. 45 
~ 1 . 6 3 /imO£^tI»- 8 0 d B^T<DilS^tb^#6>tl^:o ffiffi 

^ &%oNVtm\zvrc.m, ^mo^mmyt^ y5=-ttj£^«**«Tf a» 

K±TS»Wbfc«k5fc, ^jRSWCD^m-S^A-f 7^^W^§i:tt<t 
D, loOT#th^7 l 6X-l'^5 1 <hbTiltB$-&«>il^^ , r^^o ^MTfct, ft 

fed*, fe•&^^2oOT#ffi-^X<^^«^^^t^iil^ffl^T 5 focfc^o * 
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75111, 112 (FIG. 1 3#BB) **J8 , T*#l5lttl&'&»l 5 1-1 

• 5 4 ©#«afcfc*/wteiH«##* 13 2, 133 6ym&&ifiMvmzfcz> 
&5\zmmufr 0 ^UTfifflMA^i ii,ii 2^o^ic^lim 

10 mz7s:Z>J:5\ZhT^Z>o irf3:t)t>, r, = r 4 , r 2 = r 3 , ^L,=^IL 2 <hb 
fco H a d £ £ <fc 0 , «*.Marifttt»'&« 15 1-15 4 (Dfrl&Jtte 2 S 

is !&m&&%o^<Dfcm.&2mffimm<D£?\zmi t&2yt&frmmmi 1 1, 
25 ^tsaauT^a^it^jBKbTv^o ^M«^©ck-5^#^(c:^tt© 
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m^m^^^Z 1 . 5 5 Mmi£^Cf£^LW 3 1. 5 5 um&$> 
,b\Z 1 . 52-1. 5 7 Mm(D«^^filEHT- 1 4 0 d B£A±<E>»Hii 

mm\z±^m^mytit^mm^x^^>o b^u ^mmmyt^y^i7 

0 0«^^*^J^-^1 • 5 /imS§, ^ff|-MftX-f 17 1 (DM* 
my&BL-Ek&WtU&l. 6wmi£f{:^tnfi «^^tb©^{fi»/h$ < 

(I5©W1) 

fig. 22 iz^momsmmmm^mf^wmmyt^ v^omtfc,* 

1 5 3 <h> 111 &<k£^ftf£^§g 1 5 3 \Z&lk 

n^^utt^ 1 3i<h> ^s&ftgt#-^ 1 3 1 ^^^nfc^->7^ 

1 4 1 £ > A>b«?£!i& 10 1, 1 0 2 ffi##« 1 0 3. 1 04^5« 

bfc„ b^U ^HjC0^-<!y5 : -«^ll^>^n2 % {<f>, (A) + <f>A (A) 
+ <f> 2 (A)} ^S»#^^>ck5{cm • 7t (mte^ifc) ^(DMfc^^J; 

5 tc^f nm, ffi^j?^^ 0 <t 1 ©PbKdm^s^s^^^^ "5 tt§ £ £ 
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A#K)tc:ffi^(^3gii^«r0 dB, -lOdB, -2 0dB, -30dB(Ci- 
Pc = l. 0, 0. 1, 0. 01, 0. 0 0 1 £.1Z%> &5\Z.titMm<om.&WLfe 

5 ^mi 1 1 i3t»«ISf*#*l 3 lfc«kSi|g&*§^ {<*>, (A) + <M t (A) 
+ <f> 2 (A)} a^W^n- 1. 00, -0. 60, -0. 53, -0. 51, 

- o. 50 Lte2>&5mM-?n&. mtKDMj&m&^n^no dB, - 1 o d 

B, -20dB, - 3 0 d&(DfcnW£&m^M%M y^\Z-tZ>^£.ifi~l:% 

io fig. 2 2\ztt*mnmm<D : ?&mmytM y^-vte, m^^mti^^ 

111 Sm^-T^^lRJttM^ 151, 152 (D^tt^n^n r , = o . 3 , 
r 2 = 0. 7iU m^ytm&mtt^l 3 2OTM^L, = 0. 30Ac 
(=0.,4 7ttm) ^|g^U7Co Vy/vy jc>^#?H 3 1 O^i&S 

S:^L=0. 34 Ac (=0. 5 3wm) ^fR]^-&§§ 1 5 3 <Z>3H£it 

i5 «r 3 = o. 5fcis^bfco retch, ym&m$.—?5<Dymw&& mm^-rvm 

mftX't y^Oiyt&ft®.^®. Ill t^m^m 153 £&m/uTUZ> 2* 
oytm®M<DTmk\%2 0 0 timlZLtc, tiLmz/y? 1 4 libT(iIlk-^ 
£J3V>, ^-(DiliM§4 0 Mm, ^©I$$4mmHttl/fe. 

20 tmvmmmizm^. ikftmmm, 7thuv^7^ am, s«tt-r •* 

1. 5%> 3tiW37iItt4. 5X4. 5 ^m 2 IZftZ &o IzVpgLVtco 

->un>«isi6 i <DTmzfei&mfo m^v^) &mmi<. xmtjmmm 
25 i o i~i o 4id«>'>^;^-H^T-rA (EJ^ufr^) zmmis, sit 
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^141 ^amu mii^PiXs myt^^z^^m^mmm^tn 

^en4L=0. 35Ac, 0. 37Ac, 0. 44Ac> 0 • 8 4 A c t~t^> 

t, yt^m^-mi 1 1 tytm^mn^i 3 1 \z&z>m&mm {<*>, u) + 

<J>A (A) + <f> 2 (A)} 5 1, -0. 5 3, -0. 6 0, - 

1. oottzr). ^n^n<Dwm\z&tf%mmm3.-3 0(iB, -2 0dB, 

; -10dB, 0dB£&o7c (FIG. 2 3«. &fc. M»£>i£fttft#tt 
Jt FI G. 2 3lC^-r<fc5^> j£V^S^T^fiMfe#^^o7co F I G. 

fc*5* ^^Ilil2<D^»lll. 15 3O^lKit^0. 5 
^fc¥fi^-r^>^«^©J:5^1 tl2 0^M^l 11, 15 3© 

ftm&hmmvx&mm*mm?ni l $^\ ii^2®^tfti 1 1. 

1 5 3 Oftmt&JtftJetlR 1 (A), R2 (A) tm«, M^Pc (A) 
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= arccos- 



^[Pc{X) - R\(Xft - R2{Z))-R2(A){\ -Rl{Jlj}} 

■ [4Rl(A){l - R2(X)]R2(Z){l - J/2;r 



£tz:2>&Z)\Z-fm-£&^o %-t>?>^ F I G. 2 3<DWm**>W*>fr?3i<k5\Z, 
M»10 2HM^$A7JLT ! b^ o tfi^Wl0 3, 104 

izytmn&xtiv. xtimm^i or, i o 2^e>^fB^&ift9ffiLTfc&v\ ) 

10 FIG. 2 2(C«m^LTV^V^t, 1 3 1 ^IPtj^f £ 

15 fc«k5fc:F I G. 13CD«ltl20^»[?aill, 112*ffi«4fij5 
A^tbTfeiViU ^3^«^TI^BJb7cJ;^fcF I G. 1 5 CD$r£ft#| 

*ij§&^bx'b < fcvib, m4mMMm°vffiwvfr£?izF i g. i 8o#i 
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fig. 24 fc^Bj©^ emmmmizm-f^m^myt^ v^-om^ 

i i i 1 1 1 2 iz^nrc^-mmn^ nii, ym&mn^ 
fc^$nfc^->^^ i4it, Atimmm iol 102 <t, m 

0 1 0 4^f»M$nT^-5. m«?H!llltll2 

1 £ 1 1 2 ^MUTV^.' fctffU N(ig«$ot, FIG. 2 4tS 
15 N=2 0^^UW5. 

f i g. 2 5te*mw<Dm6mM&mT*m^fri>Lm£j&%~77 (yt&ft&m 
m <Dmm^T 0 fig. 2 5<Dyt&ft&^mz, 3m<Dyt$s<£t&i 2 3, 
1 2 4, 1 2 5 t,.ps-r^5 , 6M-a-^fc^^nfe2fio[)^gss^#^i 3 2, 

1 3 3i:tIioTM$tlT^5 0 1 3 2}iIl^fWl 5 

20 6 £H 2 i58©2 ^oytmrnufr e» & d , ^-n^tKD^^sss 

mi 3 3ttIlMMl 5 7i^2)feWl 5 $<D2*<DymmMfr*>tSi 
25 ^n*Ti^BJbfemi7^S^5©^JgMTt)^^*y^^^t--5 
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— +f-;i/M^^D«6<i:T^>F I R (Finite Impulse Response) 7-f .Jl^^U >£f 
M£teDa£>£-r£ I IRdnfinite Impulse Response) 7^ MT^oTfeS^, 

^7llL 11 2££D£j££*lS#ffl^2 7t<p> (A) 43<ttX2 7r<f) 2 (A) 

7C (m:^) ^tS^T^ft:^ 7cOT, fffitf 5iftWW6tlT^fc. 

Wfc&tftf}??) Ill, 11 2 SrfflV^Jl«h{c«J:0/^fi^ 
icj; S-f^ffi^r-^to • 7t (m: SHfifc) fctSUTT* £ £a*T€ra. $ Sic, 

#*r#sfc©T?» & i Rtffg 2 ©^a-s^a ill, n2 (Dfrtikiktimm 
mo. 5*^TnfctbTt>, ^D^^-hti^i»^ux#&n§. 

FIG. l&ffl^TBiKbfcfll^Jfi^tlTttflSm©fc8&, ilti20)fe 
^ft^aill, 1 1 2©»«Hl^^««»«K:*)fc?)-3feiaO. 5*31* 
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11, 11 2<Dfrt&ft&mV<. R (A) Tab^ifn^ A:*J*S«&1 0 1 
P c =2i?(A)-[l-/?(A)]-[l + cos{2^{^(A) + 3>(A)}}] (»5£10) 

1 2(Dffi#(D&^fc<3;£&ffiT&D> ICT?tt*(A)s*, (A) + <f> 2 (A) 
£bfco JilB©8c5S;i Otf>&* 2tc {<f>^. (A) +0, (A) +<f> 2 (A)} #m • 
7t (m«Sffi»c) j&vp m #Hfr3Rfc5* IltI2 0^^g!l 1 1. 

112<Z)5H£itR (A) ^^§fliTfeoT ! b,ii5ViM^it^#o^t^T 
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li:l2©MM^l Hill 2£&«*rr5N+l®©3ttl8£S&§£ 

5 bfeo *ii{bbfc^itA o ^^-r^tt, teffifeja*7 r 9*«j*r*3teie'&»i 5 

1 , 152, 153, 251, 252, 253 (Dftm&t. m'J^J£fi^## 
SB13 2, 133, 232, 2 3 3©^»m R^yA^x^^f 

io «o. 5 • a c\zm^nx^rc<D\zMiy. ^awrwat^w^iww^L'b 
&nmmm-vizmm$L&w.m&i. 25-1. 6 5Mmiu £tc, 1. 3 

/imil. 5 5 fim-e&m-tZZLt&^mVT. *NHc 1 . 3jtimil. 5 5 At 
15 mTMl£#**>ift<&SJ;3*jfifcb}fc. 51, 152, 153, 

2 5 1, 2 5 2, 2 5 3ibT«iS^bfe2*^#?S^6,fe^r6EItt^ 
■ «&/BV>fc. *MbO^N= 2 iJ&D, ^iRlfe^lg 151, 15 2, 15 
3, 251, 252, 253 <DW§iik\Z r = 0 . 1 , #/h}feB8ft35tf 1 3 
2i2 3 2©3te¥ttft&S3£tt2lL 1 =0. 09 -Ac (^0. 13/im), f 
20 <M&BS«£I#^8P 133i2 3 3 ©3t9*«tffeB&*^fcJ:^ L 2 =0. 0 5 • A c (= 
0. 0 7 Aim) ifc-pfc. TyAyx^^HsW-O^W^KftiStt^ 
L=0. 3 1 • A c (=0. 45 Atm), m=- lib, 1 1 1, 

1 1 2\z&&tifz2*<Dytm%8&<Dr%mte5 o o MmKLfc, rn^^y^ 1 4 

25 feo 
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0. 7 5%, ^iWn7iWi6 x 6 Mm 2 t?i5J;^{:^bfc, 

i o i~i o 4ic:ii-»^;p ; E— h^t-ta* (m^vm^) sssru mmt 

io -fa-^^^n7,#-h^e>«ttJ^$n^ofeo »lb- ? l 4 l fcji- 

«b, ^K)MSf^^lL+(5 2lL=0. 3 1Ac-0. 50Ac=-0. 

mz, FIG. 2 6fc, ^ifS^OT^ti-M^X-Yy^-e^bfe^^ 
SBfcX-fy^tel. 2 5~1. 6 um(DjX^&^mX'-3 o dBUTomm 

ytvcwn^ntco mz&mm.i&mx'fei . sumti. 5 5 nm-vi&mm&& 

7°^ 1 11,11 2<Dim^£«»SbT^£<DT, 1. 
3 Mmtl. 5 5 iJLm-VfeZZlzmffiytlfrV&r). - 5 OdBIMT^IUfc. 

±fBTte, m.®<DOFFVtmX2 7Z {<f>„ L (A) +* x (A) +<t> 2 (A)} 
25 = (2m' +1) • 7C Cm' &mO tf£Z>£5lz, Wfc9&1*'7?<Dfflmt. 
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OFF«2 7t {0^ (A) + i> 1 (A) + <f> 2 (A)} =2m' • 7t (m' \Z 

2 3, 1 24, 1 2 5) &£T|f5--4HfeJt£U $ <T 
§tV^M»^tfc 0 CLOD'S ^^fr^^T^V^ &*B£ 

fliifeifiefiFtt^a < 3fes^a£©5W^t*«# &n*j6^7?**. &mmmm<D&m 

*E.mi7*7 (FIG. 2 5) ttN=l©I^ (F I G. 4) tdJt^T^-&S§ 
(1 2 3, 1 2 4, 1 2 5) £fti&fi£E##8B (1 3 2, 1 3 3) ifitt^n 
lof9^©T, :g™B&lMXj&**:£<;&:5. L^U #I*i]4£M"&§§ (1 
23, 124, 125) #/jNS©fc«>, HIK^-rX©i«^:«^Tf*ofc. 

3ftj£ bfc„ n < *r £ (3 ^Kfe^riB^ ^ ^ —^isflmt w&msa&x f 

7©jfi«l5&5C<!:^fl). FIG. 17 <fc 

FIG. 2 6 C*35ffiJB«B) &tt8rr*£* ^Stttfi^ttO^jWftffi^*^^ 

$e»(c:#b<iftBj-r§t, I3»ITiiN=i[:itbfc©^ 4fc*a 
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tvxh 3mm<Dmm<DBmma)m^o mmtvx±x<D^tm^<D^it^ 
o. i ttzzmmimmzn. MBmmz&<, fr^mwitmmw-z^w 

£<b^> *nwM2o®&ffiM*^7i ii, ii2^k -en 

£><E>3ft&:S^tt#B&l 5 1, 1 5 2, 1 5 3, 2 5 1, 2 5 2, 2 5 3 

xft^My£&&m<Dmm<D&^<Dytmmm&}irJj (fig. 2 4<d±m) iz 

m$E-?Z>&5®&±\zMWlsfci e M;fcm\Z. FIG. 2 4X11 110^ 

tt&m ni(DN=2 mtoyem&z&tt-zttt 132, 133 &mf&irz>m 1 

W&0ft^ya&m<Dmaxa»= lm+ /n b =6 7 8. 2 6 + 5 5 1. 7. 
9 = 1230. 0 5, ^2 3t2»»[K©3fc^W3fcBS«Sg©iKSl2* v = / 2 x a + 1 2 
lb =6 7 8: 1 3 + 5 5 1. 7 2=1 2.2 9. 8 5, ^UTl2©^t? 
til 2<DN=2j@(0^«^##gP2 3 3, 2 3 : 2 1 7^1 

©3t^»3fcK«SS©*83flJ2«u= i i2a+ / i2 b =5 5 1. 79 + 678. 26 = 

1230. 05, m2ytmfcm<Dyt¥my£$&&M<Dmmzsi 2t2 = j 22& + i 22b = 

551. 7 2 + 6 7 8.. 1 3 = 1 2 2 9. 8 5X&& 0 Lfc/^oT, 2^/ 14 >2<h 24 
sii^z^^s^^ifctOT, &*B£j&#:7°5 1 1 1 £. 1 1 2©MM#4 
TO^n^ftV>©te:fil 1 }frS#t!&<£>y^& D, FIG. 2 4 ©litifiLT 

^3d<h^:b^3o ^©i^tltSot^ m.m$Li&ft~7 ; 7l 11, 1 1 2fc 

X-f y^vmmt. «W^D> ^1 i^2^^^«hUTIWID^ 
m.O&M^ts^'y^im^s ^y;\yx.>^mmO)yt^mH^l 3 1£ 
cf^lCl, 5^tC^#MlfrK:&£<fc5MbT^£o dtf>P#, (A) = * 2 (A) 

(A) /2£iSlfct\fc5&fflg£l8!£t-nto£&v*. fg l ffiJWjrm, — 
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ytmmm*M.tfsiz>o N&2Sk±<DmxNm(Dyt$&&mtt J 3-ffi<Dft 

10 M.X&-D tctTfltt, fg 1 O^^^ 111 (Dytfe-mm-*^ 132, 1 

3 z&mj&^&w*iKmm&£W,2%mm&. &&z$&2<Dyt&ftWL^%ti i 

2 (Dyt&mmtt^ 2 3 3, 2 3 2 &mj&TZ>& 1 2 ftiH&B&CQ 

. ^^g§S^<D^«^-n^n2« w = / lla + / llb =6 7 8. 1 3 + 5 5 1. 
79 = 1229. 92, 2%= 7 21a + / 21b =6 7 .8. 26 + 551. 72 = 
15 1 2 2 9. 9 8, s« ;2 =7 12a +/i 2b =5 5 1. 7 9 + 6 7 8. 1 3, 2^ = 
J 22a + I 22 b = 5 5 1 . 7 2 + 6 7 8. 2 6t^. d©^«2« 24 >2« a>1 ^ 

(fg7©g£d«S) 

FIG. 2 7 iZ#mW<Dm 7 ^5S^^43^^^#tf-M^-< ^<E>#fJ&£ 
20 ^fo IfiD^tt-lTfeX^ 7f« 1 X 2 7-f 7f t tTli$t5 u 

\Z£D, fo^mz&^\Z7.^y^>tfmft*^Z>Z\t.tfX%Z> 0 

^yt^ y^(Dmmt.2-o<D :: f^mmytx^ y^-i 70, 17 l^mzm 
25 ^-r^>ei^^«j:«9^bfeo mcmmmz&'omi ^1202^© 
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fMS^y^no, 1 7 i «rfflvi, » i ©ww-SBtx-f y^l 7 0 

©ffl##J©±©^~ Il2©f#ff-§B£;W-/^1 7 1©A#$J©T©# 
-htgibfc. $ 1 Of »tH3t^^ y f 1 7 0 0A*«©±©#- 

b^A^J^SSl 0 lib, ^2©fMI^-T^5 1 l 7 1 ©ffi;frfl!l©_h© 

5 5j?-h^tB^#^i o 3 (^iffl*4?-b) tu mi<D=^mwcm%7s^v 
?-i7o <Dmttm<o~f(D^— h &mtimm& 104(12 m^^- h) £ vr^o 
^mmfitn-vfe, 2 o©f yfno, 171 sua casque £ 
• ltv^ot, nuof ^th^x-r y^i 7 0 ©*&#aaK:si?9'rs. m^o 

^fc^OHSibTfcJ^o -MGMHKIBTfck N+l (=2) i©)!6^15 

1, 152^153, i5 4t, mws-rzftm&^zm&titcN (= 1 ) <@© 

7£i&g3§tt#g& 1 3 2 £ 1 3 3 (CioT^MfS (&*B£fifc#^) 1 1 

i £ 1 1 2 1 1 in. im&m ttft&n&m 1 5 

is 1, 152) t, mm-r^m^m\zm^nr^yt^-mmn^mi 3 2 ticj^ 

wiRitt^si5 3, 154) m&?z>ytffi&mz&&tiftytvmmtt 

20 4S13 3 tiaoTi^^nt^^. 3fcB6«SS#-^flUl 3 3 tefg 1 

25 ic^^nfeN<@©m/«i^^##^e>^s^^^ife^vife. ^-i/r 
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iiti20^t?ti ntn 2,h£^rrs^n-enN+i = 2<@ 

(Hrst4{@) <D^fr§§<D^it^TI^- (r a =r 2 =r 3 =r 4 =r) it 

fa&m&m*m v\fr 0 *mwi&M*vumm$i&ffi.m& 1 . 45-1. 6 5 ^ 

*^ffl*©(fcffi2l* (A) =<*>! (A) + <f> 2 (A) j&qfiEffcffiY (A) <h—gf 

• mmmyt^ y 1 7 0 , 171 a^^*^ /v_yx>^#tf-M3te;w y 

10 »5£7©m (mfcJJgBO ^2m' +1 (m' ttfiER) £*V>fcP#c9flcfflT?&3. 

^<Dffl&mmtt^m<DK^m?m&mA l a* o • a c *> b < ra o . 

^ CO m 13 ©ffiffi^^jfiiEffiffi & £ «fc -5 ftj&fc b tc E. h % ^co— OT^So 

ttffi^* y 9 **rirr *3t»-&«©»«[Jt s^T-ft fc-rnw:, straps* 
^ffiraa&ffi^^^^/rr*^^ 

^«M«^C0b4>t-$Sr#itbT^&tbfeo ^1C0J;5{C, [eIB&co . 

25 *«^Ttt2-Qco{M^^y^sfflv^ ^-ne>co^gg# 
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^mz^xytm^m^(D^(D^^(Dytmmm^^ (fig. 27 

^fiitf#0^mN=l«i:b, 3£fti££!r£S2 1 5 1 , 15 2, 15 3, 154 

5 (Dfrmmt r = o . 2 , m*7m^ntt#g& 132^133 

te^L^^L^O. 15 -Ac (=0. 23/im) «lfc. 7y 

;\y x.>?^w?m<Dye¥&)ytffi-&m$4-L= 0 . 2 8 • a c (=0. 43/im), 

m' = -l£b, ^iifSllh 1121^^c2*0M»fl 
ililOOtfniUlfc. fiffl^7^tUT«f)it^&ffl^ *©«i&3 0 
10 ^m, ^0l$^2mml:t^L'fc, 

0. 7 5%, ^^©3TSfr®«6X6jum 2 t^:§cfcd^Mb^:. 

15 6 1 ©T«Bfc«ift»K (®^b&^) ^@Bigb, xmtimwLm 

10 1-10 4fctt'»^l/ ; E-H77'fA (El^b^Vi) £^b, lit 
«-^14 1C^iU-H <03*bfcV>) SgibT, 2A*2tfiMMy 
ttzSzL— ;i/i:b&o 
f^Ubfe^^oL— ;1/©X*#«EK1 0 l*>63t&A*U tt!##-h££fc} 
20 ^#^g§10 3 (IlfflM-H ^6104 (lg2ffi7J#-h) MD#^ 
^Sjf^t-oViTi^Bjf So Ui^iTtJIlk-^ (14 4) fcilftb, =F& 

mmytx-c 7^171 <Dyt&my&&&m&4 l + <s ^ l = 0 . 2 s a c - 0 . 

5 0Ac=-0. 2 2AcfCbfe 0 Mg^^R^i^X-f y5=- 

1 7 0B7t-:RIB, ftSof^ttDlfiX-fyfl 7 l^nx^IiftS. 
25 A7J#&8§ 1 0 1 frZXJjLfrmt^W'&MytX'i 0(O7.)V 
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ssi 04 <$&2tttfj#-h) j^&»3tettffl*$n^vi. (i 

44) 1*111 1:-* (142) fcMUTs ^HWSBfcW V 

5 ^1 7 0©3te^»3te*8ft^ML+$^L=0. 28Ac-0. 50Ac=- 
0. 2 2Ac£bfco H©««T?tt, M0fMIW^fl7O^D 

10 -f «yf 1 7 0 OX^-*- h tfilH^X'f y ^ 1 7 KD^PT^-Mdck 

o*ttaaif*n«fc»» aj**iw*io3 <*im*#-M *&tt*ttttt* 
sn&v> 0 ^©<fc^^ ^mm^m(D=Fwmmytx-(y^\t, 0. sw©- 

FIG. 2 8Afc*^M^JB©^W-S^-ry^.©ffl*«»Kl 0 3 (M 
15 ltB^f^-h) ^6ffi**n»ID»l©3RlB (OFFTO fc*sW-*3Bl*©tt 
fi^-ftSr^U FIG. 2 8Bfcgy©ffi:fr2JHfcB&10 4 (H 2 ffi*r^- h) ^ 

6>W*$ns«J0#A«OJK» (ONTO i^tsm®*©^^*^. 
V^n©tB*«W^e>tti^^tl^*^Tt>l. 45-1. 6 5//m©M 
- 3 0 d B^T©«i3fcjt*^5n, /KV^S^Tfift^tb^W-r 
20 5£$f»S#© 1 X 2 X-T y^&mMVTco 

-)lfi»**©lEt« 1 x 2 X-Y y ft UTtRffiS^^SwUfc. L*>U 
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fig. 29 \z*mw<D&8MM&m\z&nz>+mwrmytX't y^omfc* 

^t. ^^ffi&MOlJtT,^ v^fe Pi-Loss (Path Independent Loss;/1X$tfe# 

io mm-r^zuz^vmrnvTco mmizfe, mcmmm^w^m mmmsv 3 

O0D^#tf^X-r 1 7 0, 171, 1 7 2&fflV\ ^1 (D^wstmytx 
-f y^l 7 0 <Dmtjm<D±<D^-ht:. f& 2 OT#ff-§^X-r y ^ 1 7 1 (DA 

h S> m 3 CD^fi-M^X-r 7^172 ©A#$!KELt©#- h C^UT 

15 ^fc, m i (D^mmytX'i ^no ©a*#j©jicd#- h &a## 

i£8§l 0 1<hU ^2 0T#H-I^'f75 : l 7 KDmt}M<D±(D^-h^m 
MiS§10 3 (IltUM-h) fg3OT#fl»feX-f y&l 7 2<D 

tH*fl!0±OiP-hStfJAiJftKl 0 4 (Sg2£H##— h) itTV^. 
**«»IBT?tt, 3 -ZXD^mmyt^ y^l7 0, 1 7 1, 1.7 2SRU 
20 s£fHI<hLW§<2>-£\ fg 1 (T^HPH-SU-f 170 <D^£#$Bfc«rr&o 

§J;5^ §tffi^*^7l 11,11 2&«/£-r53flKr&Sll 5 1-15 
4<Z)^IKtt:tliS[/J^K«##«Bl 3 2, 1 3 3©^W^8SSH, RtfTy 

25 swatur©*^ teffi^*^^ 1 1 iRtfi i 2^m^.-r^m^^mi 
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5L 15 2KXK15 3, 1 5 4©^ttJt**tl*tl r x = 0 . 2> r 2 =0. 
2, r 3 =0. 2, r 4 =0. 2 t f /J«fii##^ 1 3 2 Rt/ 1 3 3 O 
^Wft&fifSS^L^O. 1 5 • A c (=0. 23 Mm)> ^1L 2 =0. 15 • 
Ac (=0. 2 3 Mm) IzmmVfro &fc. VyAyx>^F#W-©3fe»ME 
5 3 lCD^^g§fi^«^JL=0. 28 -Ac (=0. 4 3 //m) £ 

L/, 131 ®2*<Dytmwm<Dmm\z2 o o /zmjcb^o 

^14 1, 14 2i:btttilt:^Sffl^ ^(DiJigS 5 0 #m> ^-CDS 

• $^r3mmfclSJtbfco 

1. 5%, ^^<D3T©fM«4. 5X4. 5 um 2 

ioi~i 0 4K^»m-H7HA' aa^cbft:^) lit 

15 ^14 1t«l&«U-H (Ei^b&V*) §i^tT, 2A7j2ttJ;*jftX-f V 

Mlfat^a-Jl'OAAWl 0 lfr£>ft£A:frU ffi£#-h£tfci 
llB®.ffil0 3 (^lffiM-b) ^&104 (^2ttJ*^-h) 

z>mmz-o^Tmwtz> 0 ®MftmT'temmt-& a 44^1 46) ni« 

20 U ^ffS^X-f >^171tl72 <Z>^#J3fr&fi^£^ L + 6 L = 0 . 

• 28AC-0. 5 0 A c =- 0. 2 2Acl:lfc. JKD^T^ h5^(D^F# 
fMdfcX-f y^l 7 OteA-tfclk W2^©Wi^^yf 1 7 1« 

AtimwL®i 0 ia>s>A#LfcftKmm§B£ 

M7?17 0©x;P-^-h^£>5S±£M®U ww-M^x-r^^i 7 1 
25 O£ti^S^SSl0 3 (^lffiTJ^-h) ^effiTJ^tlSo -75, ^thM^X 



WO 2005/003852 PCT/JP2004/009773 

68 

D3tttaa»anafeae>, hjm»io4 dg2m#^-h) j^sw^jim* 

Sfrl&^o fSJKt:— ^ (14 4£146) £OFF{e:MU j^Mt:— ^ 

(14 2) IdiimLT, ^gMttS&fcWy^l 7 0©3ft£e93te88fi2S&^L + 
5 <5^1L = 0. 28Ac-0. 5 .0 A c = - 0 . 22Acl:bfco ^OtlTft 

MWt<D=F&w>mytX'f 1 7 o nxvtm. '&m<D=pw>m-mytx<i v^-i 

7 1,1 7 2li«ii^„ *<Otz&. 0 l^SA#b&3te 

7 2 <2ffi##i£g§ 1 0 4 (I2ffi*^-h) A^ffiA^ns. ^thM 
10 5feX-r 7f 170 ©7Jl/-#- h t^tfM^X-T y 5 s - 1 7 1 <D2 U7,i£— h 

fig. 3 oA\z&mnmm<D^&wrMytx'Cy^<Dmtimm,&i o 3 (is 

l£ti*#-h) d^ffl^SMDiOttl (OFF» l^(t§ll$CDt 
15 S#&£^U F I G. 3 0B CTJom*^S&l 0 4 (fg 2 tH;*77j?- h) ^ 

&ni*sn§i]of^Mi (onto ic:^t , tssija*©«[fi« i tt*^'r- 

Vi-rtlOffi^S^^&tB^^nS^Tfe, 1. 4 5~1. 6 5 timOfel,* 
20 5PHLoss«/dra&£&«>* 1 0 3 <mtB##-H, 104 (I 

ytmiz&t>-?mvwLmw&&&'rz>p i -loss©j£*«ix2^^ 
25 bTM^ts^^ufe. i^u ^jfi^tso^x-r^^tt-toffioffl^ 
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FIG. 3 1 {C^^©^9^Jg^^*3^-5^th^X-r vJ-Omfo* 

o, 1 7 i^#^^jgrrsct^«kt)^ufe. #«BJct*, mtwtwrm&n 

7 l<DAJ3M<DT<Dtf-h\Z&ffiVrco *fc, £ 1 OT^ffH^X-T 1 7 
0OA»±©^-b^XMWl 0 1 tU ^2 0=F^myt^y9- 

17 i<DmiiM®jioi$'-h&mj3mWi&io3 mimutf-h) m 

1 OT^ftM^X-f yfl7 0 CDfcB##J(E>T<Z>#— bStti^SifeK 104 

«5«»i8Trw:, ftffi^*^7i li.ii 2**iar*^fttUT, n+ 

1 (=2)flO*fi^S15 1, 152^:1 5 3, 1 5 4t, »»t5^ 

s&fcjfcsn&N (= i ) m<Dmfr*m$mtt J *& 132^13 3 
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^fra^fc. ^S15 1, 152^1 5 3, 1 5 4tUT^SU 

mttl. 4 5-1. 6 5tfmtUftffl4^7lll, 1120^^ 
*6ffl*r*iRft#©^«T«Hao. 5£teQ* fr^mii<D®M&® (A) #jgjE 
5 titmv (A) ^J:a^tf-/i^^-^&^<bbfeo Sii{t:L/7c^/^ 

fiffi^7J^7l lltll 2€:^f 5 1, 15 

2 £ 1 5 3 , 1 5 4 ©»ttttfc«4x31fflWWfd-#«B 1 3 2 <h 1 3 3 (DK^mft 

^LtJb§. #tettJ*<Of8:fcN=l tU 7jfatt^3§ 1 5 1 , 15 2, 15 
10 3,1 54 (Dfrm&it r 1 = 0 . 2, r2 = 0. 2, r3 = 0. 2, r4 = 0. 
2 , |R/jN3feB5fi^f*#« 1 3 2 £ 1 3 3 <D%^my®&&m&A L x = 0 . 15- 
Ac (=0, 2 3/im), JL 2 =0. 15-Ac (=0. 23 Aim) fclS^b 
Tco Sfc, ftffl^^^&KlbU^V^SBJKIBT^W-S^X^y^l 7 0 £X 
;i/-JK!Bt-r«fe«>©"Ty A7x>^#H-0^fiM^ 13 1 <D%^m 
15 3te8Sfill©*jaffif*» AL=0 . 28 -Ac (^0. 4 3 Mm) tfcofc. * 

$ 1 OT^ff-M^X-f 7 7 c 17 0tI2 GH^tf-SDteX-r i7 1 tT^y 

20 13 1011 t US 2 ftSHSafr© 2 #©3teiiS&R©3te¥«ttfcl& 

ftMzlL' =^IL-0. 5 A c =- 0 . 22Ac (-0. 34um), ^2(D 
WthM^-T^^-l 7 i©3fcB&H#^Rl 3 4 0ll^itM2)fei 
«©2^:©^3lM^©^^g§*S^^L" =^L=0. 28 -Ac (= 
0. 4 3jtim) tC^5£b7Co S§1 ££2<B2:fc0ftSi£&©raiH«2 0 0 Mm 

25 tlfc. ftffl«>7^14 1, 14 2, 1 4 3, 1 4 4 £ tTfiflt-^^ 
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V\ ^-©i|ig£4 0 jum, -^©fi^^r 5mm&;:I£^b7£ 0 

0. 7 5%, ^^C037Hr®t*6X6Mm 2 i^:Scfc5^iabfeo 

mm%M V s ? 1 7 0 ©ft8&S^tt#SB 13 1 ©* 13tt»«K©«JB*f*ftil 
Mb, TMt- FO^^^TEt- K©3fc*«l3fl»fi£«fc 0 % 0 . 
• 5Acfi<ftSi5Cb&. £&fcB¥*Bfctt, «OB»f**l«ElCck*TE^-l« 

^nL ra =/dnL+0.5Ac £ bfc©T> 2lnL TI ,-^nL TE =0. 5 A c <h&oT^£o bfc#^T, 

av m =AV t-rzt^mtit&mmzkvAV u =av +ahlav ^av 
»awf**warr* c tic a osi§ 2 3wmo*M3iiHHfc&e<d n l^ts 

ra =^L' (=-0.22Ac)>^L' TU =^IL' +0. 5 A c(=0. 28 A c) iUfc. 

^2^1^'^! 7 l©ftB&fi»f#S&l 3 4<Dm2ytmm 
K©^#«*BtfMfl»ft 1 9 4 * DilU TM^E K©3te*W3t 

m(Dmt^^rn^nAnl n =AnU Anl^AnUO. 5 Ac <hbfc©T, 
nL ra -^ nL TC =0. 5 A c t!ioT^5.^bTj»WTE=E-HtTMt 

> ^f^S^«fcD^L" TE =^1L" -^nL, zdL" T «=^L" -^lnL-0.5Ac £&ofc. Z\ZL 
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3tBS«SS* j en^n^L M „=2JL" (=0.28-Ac). ^L" ra =^lL" -0.5Ac 
(=-0.22Ac)£bfco 

*B*f*»iSE^sri 9i~i9 4tvx. mx-& u-*rim&<Dytm#& 

l o i~i o A\z\^y^)V=E— Y-yr^n (H^Ufcn) &ss«u nwc 

#-M03 (»JLffl**-b) £104 (fg2tH;«-h) ^StH^Sns 

n =AV (=-0.22Ac), TMt-H^L' ™=^L' +0. 5 Ac(=0. 28 A c)7?& 0 , ff£ 

j*ML" th=ZIL" (=0.28 -Ac), TM^-F^L" ra =^L" -0.5 Ac 
(=-0.22Ac)T?&£ o 

25 ^©OFFTOl TEt-HI^U »lf*lfl^yfl7 0li 
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^nxm J»2WW«6X-f ^^1 7 1 ^*-tt«n?**. FIG. 3 2 
-1* y*l 7 0O^nX#-h*636itai^ ffl*«WH0 4 (SI 2 ft* 

103 (»iai*#*-h) !5^TE«*$n^^ 

7 o«A*-^ii^2^#ff^x-ry^i 7 l^nx^im f i g. 

10 3 2 B \ZO F F^OTMt- F©»i«©i6fift#tt&^*r. A*a»StBS 1 
I^yfl7 1CD^D^-^«U ffl*«»Kl0 3 (fgim^ 

i5 ^n^v^o 

M^X-T «^17 0 13 1 ©^WftfcMttTEt- 

^L* TE =^L* +Q.5Ac (=0.28Ac)> TMt-H^L' tm=^L' H.OAc 
<=0.78A c) TfifcB, f^^ftSBfcX-l'^l 7 3 
20 4©^TO*ittTE ; E-H^2!L" TE = ^L" +0.5Ac (=0.78- Ac), 
TM^-b^^L" TM =^L" (=0.28Ac) 

^2^1®^^ 7 FIG. 3 3A 

25 #tt*^-r. AAiiSBio i^e>A*b7cTE^w#it^x-r^^i 7 
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jjmmmio3 (mm^-h) ^ewftsnso ^mmyt^y 

«^DXm fg 2 ^fflbfcX^ 1 7 lteA*-tfire&&o FIG. 3 
SB^ON^CDTM^E-FCDM^^S^tt^-ro A*S^ 1 0 1 

t-tz>z\£h-?%z>o 
&mw<D&mmmmxmw\stt&Wrmytz>'i y^u. m#Tft;w y^t 
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*^ttTffl^ NXNTh'J^^Wyf (FIG. 3 4A#1), 1XN 
yj-X-fyf (FIG. 3 4B#IJ, lXN^y^yf, MlOlXN 
X-r^/^tNfflODMX l^^^i^^DC (Delivery and-Coupling) 
ROADM (Reconfigurable OADM) X^yffeMXN^SiJtM 

WG tt^t)tT3t7 H H P 7 ^#1 (OADM) mffi&Mf&VTh&^o 
FIG. 3 4 A, F I G 3 4 B Kl&^T, 1 8 0 - 1 a~ 8 a teA7J 

mm&* i8i-ib~8 b\mttmm.m. is 2 uyt^ y^m^m^m 

^183 V f©S«l?©^i, 184ttlX2^yf, 1 
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-?2>z\ 

*^v^>mm±\zMmzntt&&ytmfc®*m^T. figs. 3 5a- 

3 5EJC^-r<fc^^X@T^Sbfc 0 tttto** ->U3>S«1 6 l±\Z>X0k 
it^&TS i 0 2 ^mzlsfcT^? 9 v H^7XX"h 1 62, S i 0 2 (CG 
e0 2 ^Unbfc^T^vXX-M 6 3&ig«bfe (F I G. 3 5A). ^0 
1 0 0 OX:VA±0MM-Tfi ; 7XmWlk&f7^tc.o Z.(Dm\z, -fl&P^yV 

mttft-Dfr (FIG. 3 5B).' §l^f, 7tbUV^77xft«§fflW 
7^7X1 6 5±fcX>.y^>^X# 1 6 6«r^b (FIG. 3 5 C), 
. ^t>x-^>^l<koT37^7Xl 6 5<D/^->fb£fTo7c (F I G. 
3 5D) 0 X.y^>^^l 6 6^^5feUfcm, ±i^7y H^7X1 6 7§ = 
3g*i««&T7«Ufc„ ±g&5^y M^Xl 6 7^«B 2 0 3 ^P 2 0 3 & 
^©H-n>h^JnbT^^7vK^Mft^Ttf, ^n©37^7Xl 6 
5 tn7^7Xl 6 5 0i^Wtfe±^7^ 1 6 7^XD&tf£ 

olCbTt (FIG. 3 5E)o ZiolZ, ±ffl>f7y F#:7X 16 7 <D^M\zWfl& 

(gi^itT) ^^en^o^^^^ga^ (Ei^irf) ^/^->fttfc. 

I ^Jfi^T^Tc:^^^-;^ #<Z>«fc5 Km^rCfc (F I G. 

^;i/^x^j#1S7 0 2^0^^ 7 0 3T0^U ^)V^x.m$U7 0 2^1 

misTftmvfrwmz^i^x.mTtum-ty-*)- mmm m^vt^) ^ 
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*U 7 7-fA'7 0 6^bW577^;t^O7^ 7 0 7 <h^£-r&cJ: 

otzmmvT^z. yr-im 0 6tti#:7 o i <DmzwLmmmz.mwk 1 ®m 

5 )V?—V7 1 0£^#7 0 1 K^bT^3o f77°7 0 4tt 

^^ac^^icSff^tt^tt^^j 7 o 8Tit$nxv^. erne* 

%&^<, ££k:> i^<DWi£ftmz±m,2^&±<D^yy*&^n^n^)V3 : -x. 
20 ytmmm<Dmm. un> mmm, ft&mz&zisn,*. ^omm. 

OTWJ<5F, S/'J3X LiNbO, ^T^oTfei^U 
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u-^mMfsi^<Dytm^m^nm^-^^a\z^^mmijammuE^ 
mz\mm\^-^\z^m%^m^m^tc-ifi, z\mzmz-f. ytm 

\zmfe-zn~r, yt*&m*\zmmis^fcQmyi^^&m&&ffi&vT%& 
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iz^xrc^m^m^mH^^ytm^mom^wr^^ 1 ^^jt^s. 

a&mmvxmhBmte&M&M$ivxb&^o 
t£<E>\zta&, ^m^opfm-fsinmmmt^cD^m^m^vxmmvrci^ 

z*mmvx^<iz\z, ytcom-m&m cwdm) &m&%ivAnx^<z\ttf 
&^nsxx$>z>o ym&\m.THzo)fottmm*mvx&io. m& 

^x^m^mm^m\z^^\zwm^^^h^--^^mm.x^^o 
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i . mi <D%&frv&#£s Mtaw, i oyt&frfe^mzmn-zntc 2 *®yt 

IMS* 2 ©3fc**m^Rfc»*3n& 1 o**V»IM«©ffl*#* 

a , MtBfg 1 0 ffi#£n&3t©&*ai££ 2 * 

<m l (a), wm2 0ftttw&9t\z&K>m*i£n*yt<Dmtm*2K4> 1 

(A) 

WIB30©{Sfcfflg©»W2 7C (0 1 (A) + *2l l (A) + * 2 (A)} 

20 tc^t^m.t-r^^mmytMy^ 

©tti*©-te*BSI* 2 (A)t©a^ /dL / A + m / 2 (m«SE»0 

25 4 . Ift&S 2 tiam© ww-ai^x-r v^lZ&^X. 
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MIB3 0©fi[ffiSg©ittfP2 7C {(f> 1 (A) + *2l L (A) + 0 2 (A)} (2m' + 
1) • 7C Cm' ttfift) tc|g^$n, Miami «W^#ifc^«©#t^fctte* 

c: t ft ttwwrmytx-t v ?-o 

MIB3O0^ffl^(D^n2 7r {<*>!(*) + <*> A(A) + <*> 2 (A)} # ? > 2m' • tc 
(m' ttttft) fcRSSn, HGfB^10^^^CD^Kjti:HtflBm2(D^ 
£#ifc^l£®#l&Jt©'&§|-J&* 1 tefcS <fc 5 39!J££ ftfc Z. £ &W$k£t tt&Wr 

a , w&m 1 ©3te^^^e»ffi*t-s^©&*a^s 2 * <*> j 

(A), MSB^^##^©5^M^^^L^jgHTSteffiBS2 7C<t>4 
L (A), |»HBS|2<D3fc^Jft^S^e»a*-r*3te©fi:fflSS*2n;* a (A) ft- 

%f 

-D<D$M^V>Wfo 2 tz {(f)! (A) + <M L (A) +cf> 2 (A)} «^^n^:^ 

mm&m^tf^^m^^t^^mH^t(Dmm\z^r)mm^nrc 
8 . m$m7 \z^m.<D^mmmytM ytt&^x* 

(A), S&|S^«^##^©^W^^^LtCjgH-r^^ffi^&2 7C 
<f>^ L (A), !9IB«2©^^^S^«J:OtB*$n«^©ffiffl2SS2 7C0 2 

(a) t-rst. 
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t&IB 3 ~D(D$LfamV>Wfc 2 7C {<f> 1 (A) + <f>^l L (A) + (f> 2 (A)} fc^MfeM 

9. m&m8\zmm.(D+W3$my£X'(y^z&\,*T, 
Mam i <Dyt&frm^m<Dmti<D®:mm<t> x (a) 1513^2 ©3K^tft^a 

©m*^ffi^<f) 2 (A)i:(DfP^\ ^JL / A + m / 2 (mteffifc) 

1 0 . ihfm8 \zmm<D=Fmmmyt^ y^z^x, 

1512 3^©^^©^ 2 7C {<f) 1 (A) + <f>^ L (A) + <f> 2 (A)} (2m' + 

i) • 7t (m' umm \zmmzn, mmmi(Dyt^^^(D^itt.mmm 
2 (Dyt&ftfo^&cDfrmfttf, ±m&mmzihrciQmis<f£z>&5mM-2nfc 

1 1 . m&msizmm&^wmmytx-i v^z&^t, 

WI2 3 0<D^MO^fn2 7C {tfjCAH* A(A) + <f> 2 (A)} 2m' • tc 
(m' »fl9ft) fcKJtStu tGfB^l(D^^^©^feiti:Mia^2©5 , 6 

safety 3% 

(A), M83^KS2S^-#aP©^W^BSSIS^ L ia@B*T 5#*B2£& 2 tc 0 ^ 
l (A), MI3^2<D^^^^effl^*r^©fiffi^^2 7i;<f> 2 (A) trt 

o©-ffiffi^©i^si2 tc (a) +<t>4 h (a) + <*> 2 (a)} wmMzntcz. 
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13. . m**7\z&m<D*#wrwtx*y7K-*»x* 

z t ^WLt-r^m^myt^ v 

1 4 . wt#m 1 3 \zw,m.<D=F&mm%^ y?-\z&^x. 

0 X <a)> mmyt^mu^<Dyt^myt^&m^-L\zmmr^nm^2 7t 
<t>4 L (a), Mmm2oKisfrWLmmz&vmtizn%ft<D&mM*2 7t<}> 2 

(A) £-r&<^ 

MIB30(D>K^©^2 7r {<f) 1 (A) + </>^l L (A) + <f) 2 (A)} ifl. &&&&& 

\zte2>&ommm 1 (Dyt^^^mtsoummt, mm% 2 <z>^##t# 

1 5 . m^m 1 4 izmmo^&mmytx^ y^\z^x, 

0^«^ 2 (A) t©W» / A + m / 2 (mteSE*) 

1 e . nra* 1 4 izmw^wmmyt^ y^z^x, 
mm 3 ~D<DimM(Dmm 2 a {^uh^acah^u)} (2m' + 

1). % (m' ttMO fc«ttfe*n, ttC*l©3te^Wa©»lftH:i:ttBJI 

1 7 . f*^ 1 4 (Cl2«©^#tfM^X-f y 2=-fc$5V>T, 
MfB3^<Dte^©i£:fn2 tc {«f> 1 (A) + <f>^ l (A) + <f) 2 (A)} 2m' • tc 
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1 8 . *#K 1 3 KMCFFWttWW-f * ^fc*<*T, 

^o^s^ a > twiam i ©^a-s^aa* £ tB#-r &3fc©&*ai££ 2 7c<t> 1 

(A). |CfflB3teBSft^##aB©^W^KftH^ L fcjeH*r*ttffiSS* 2 * <M 
L (A), HuE^2©7 , 6^^^e>tB*-r^>^©^ ; fB^^2 7i:<f) 2 (A) £T 

^©ttffi*©IW&2 7t {*i (A) + <f>^ L (A) +* 2 (A)} ^t^Stlfe- 

19.. »*3«-7 {C|3«©Wti-M^X^ y ^fcfcwr, 
Mtern 1 ©3fc&3Hfc^gl! t> b < tet&fBH 2 ©5fr&#afc3M§fc© 5 & 

mm 2 7t <*> c om) ©#»£#**?* o . new* 2 ^©aest**** 2 ^©^ 

t91B^^S^#^©^^K«H^^L, m*m$k£?2>£ 
0(A) = 2dL /.A + m / 2 - *c (jfifcitll) 
&tffc?\fc3fc:, StrlBffiffi^JtJ^^&^-r* 2^©ft*fr&«©4Hfeiti:» 
3 ^(D^S^#^©^W«*^i^^^tlfe^^^#mi:i-^W 

2 o . mMm 1 9 \zmm<D=fmmmyt7,-( ym^t, 

MfB^ 1 ©3t&»«t#at* 2 <D^#^jf£©ffi#©&*B^^ itufS^l® 
^##^©^^E§*^^L{C®H-r^^2 7t<f>^ L (A) 2 

25 tc {<f>U) + <f> A(A) + 4>cU)} (2m' +1) • n (m* ttftft) 
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2 1 . m^m 1 9 \zmm<D=fmwrmyt^ * ^fc&wr, 
Mian i <DK$&ti&&t£f$ 2 o%&frw&WL<bmt> <omm.ii. mmyt^ 

n {<f>(A) + <f> A(A) + <f>c <A)} 2m' • it (m' te^ifc) fc^^n, h9 
fBfH 1 ©^#i&¥l§£©#iy£Jt£fflf3fg 2 (D^^^©^feit©^ti-^ i 

2 2 . fn*^ i 9 tdfamw^tf-sdfcx-r ? v>t, 

£27C<M L (A).tt§t, 
.^O^ffi^0D^2 7t {<^(A) + 4>^ L (A) + <f)C (A)} &miJL2nt£Z.t*®m.. 

mmf% i ©^a^aRtftaiass 2 ©#-&#*#»#, 2 -Domns 
mtmm 2 ^oytm^mzm^nrc—zxDytm^ma^m^ zm&znrc&m 

©3t-&»afe^acDttiA©ttffiJ62 7c* 1 (A) ^Huia^2©^^^©m^ 

©&*B^2 7t<2> 2 (A) £©ftl/^> 

<£,(A) + <f> 2 (A) = 41 / A + m / 2 (»5C1 2) 

5 mibsh i ©%*»»^«RtttWB» 2 ©ftfcsm^a:**** 

r***©2 0©3tett&*©a«Jfcfc* -^©3tKftJ8##*©3tt^W*»« 
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2 4. MBS 2 3 \zfSSMO=f»f^mytM v^fcfcWT, 

ittrfBfg 1 <DX&ft®=£WLb.& 2 ©3fr&#afc¥g!©ffl#©ffcffl3££» iiuf27£J& 
ft^^»©3^W^IWMS^LfciBHi**fi:ffii62 7C^2l 1 . (A) £0ift&2 
tt {<f» 1 (A) + (f>^l L (A) + <f) 2 (A)} *», (2m* +1) • n (m* fc«J£ 

2 5. HI2&S2 3 fclBm©^^^^ y^fc^ViT, 

f&fBfg 1 ©3fr&3Hfc#Si!fcf& 2 ©3£^#&¥l^©ffi:fc©&ffi^^ MfBTfeSS 
S^#-#TO^W^gSS^L^®H-r^ ; ffi^2 7t<f)^ L (A) £©3£>fcl2- 
7t {<f> 1 (A) + <f>A(A) + 0 2 (A)} 2m' • 7C (m' tt&ft) fc«j£S*u 

2 6 . m?m 2 3 \ztBm<D=f»wrmytx<< y^\z^x, 

&27t4>A v (A) 

o©^^©^2 7t {<j> x (A) + <f>^ L (A) + <f> 2 (A)} ifflfetstiltz: 
WB»l©3^^»«2ttmTO2©»^^¥»^*. N+lfl (N 

ttgit) ©jtHf^st, »»r*iwa»««te»E*nTJiifcfi2©2* 
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• 28. mm2 7\zwmo=f^mm^-(y^\z^x, 

<f>^ L (A), t5iam2<D^^^^«fcOffi*$n^©^ffl^^2 7C<f) 2 
(A) t^^ts 

MI330©fi:ffi^©^2 7C {<i> 1 (A) + <f)^ l (A) + * 2 (A)} 
{£&£<fcdtu*f3fg 1 ©^r#&#§*©ffi#©&^£> ; MfBJg 2 ©3te^#«t# 

2 9 . gfeftS 2 8 KtiMCDttWrmXiM V W*V>T, 
WBJ* 1 ©*A5»*«©m*«HSDBJI* 1 (A) fc, MfBH 2 ©3fe*fl*#« 

©ffi#©ttffl?i<MA) 21L / A + m / 2 (mttSBfc) T?££>;i£: 

3 0 . flft&B 2 8 fcBt0fl>«®tX-f ^fcc&Wr, 
f&f3 3 0©{i^©^n2 7t {<f) 1 (A) + <f>^ L (A) + «f) 2 (A)} (2m' + 

D-7C (m' ttffifc) fctWfeStu WIBmi©^^¥^©^ittMIBB 
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3 1 . flfcfcSi 2 8 KlBfcflDWttSlttX-r s/^fcfc^T, 
MfB3 0©jSffiH©^2 7C {* 1 UHM l (A) + *,(A)} ^ 2m' • tc 
(m' MI3BlO^^^^^^WiaB2 0^ 

5 iWy?, 

3 2 . MBS 2 7 fclEHOWttffl*^^ y WC, 

10 -st, 

MIB^SSMT^IlII^CDtH^m^ftA^bT— &tc&£J:5lc, MI3 3 
t>olMHI©IWi2ic (A) + <M L (A) + <*> 2 (A)} auRfesnfcc: 

3 3 . mbm 2 7 KB*© ww-ai3tex>r ^rc*vvr, 
15 mum 1 ©^#«^©n + 1 m<oy&&s<ofti&z£iMM 2 

3 4 . 3 3 izmm^&WrmytM y ^fcfcwr, 

MwBfg 1 ©3t^4Mft^«©ffl*©tt«« (J> 1 (A) <h> MfBfg 2 ©3fe**HftWk 
20 ©fflrtO'fcffi^^*)^© 3 ^ / A + m / 2 (mfcSR) T&D, 

£2 7t<fr^l L (A) <hT3£, 

2tc {<f> 1 (A) + <f>^ L (A) + <i) 2 (A)} (2m' +1) ■ n (m* ttMfc) 

25 (DmtKD&mm^ mmyt^m^m(oyt^m^^m^ti)mm^n. 
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5 |0|B»l©3t&»*^«©W*©tt«**i< A >^ 1MB* 2 

<Z>ffi*©tttBS* 2 (A)t©3ftJ^ 21L / A + m / 2 (mtemO T&D, 

• £27r<M L (A) L~$~Z>£> 

2tc {^(Aj + MtUH^U)) 2m ' * w (m ' fc**** 

3 6 . WHO* 3 3 fc^OWttSKfc*^ y^KtfS^T, 
(A). tufBm2©^^^»^W*i"^>^^ ; fB^^2 7C<f) 2 (A) <fT 

20 0©#ffiSe«>»ft! 2 * (A) + <f>^ L (A) + <f> 2 (A)} tfSSgSnfcC 

3 7 . mm. 7 \zmm y^c*^ 

B&fBfg 1 <D^#ft«KfttfMC* 2 03fe*»*MW«** * N + 1 m (N 

25 j*ffit\z&r>Tffij&znfc&m&i&%~'77~?& } o* 
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(A) 

t&fB3^©4fc*B£©i»ft2 7E {<f> 1 (A) + <f)^ L (A) + <f) 2 (A)} i£^&#t# 

3 9. «^9I3 8fcB«OT»W«t^'f y^fc^^T, 

tie* i <Dyt&frm^m<Dmt)<Dimm<i> x ( a) mib^ 2 

©ffl:*j©&ffll§<*> 2 (A)£©ftl5^ 2JL / A + m / 2 (mte^C) 

4 0 . m&m 3 8 (3iam©^w-Mx-r y ^fcfc^r, 

Mm3*2<Z>&ft&<M®%*2n {<f) 1 (A) + <f)^ L (A) + 0 2 (A)} tf^ (2 m' + 

i) • K on' »sso fcissfcsn, m*i<Dft&m&»<D&&i££m& 
4 1 . sts^ 3 8 \zmmo=Fmmmyt^ y^\z^x, 

MfB 3 0©4fcffl3l©lfcjfe 2 7t {<f) 1 (A) + *^ L (A) + <i) 2 (A)} 2m' • tc 
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ytofc^* a , mmm i e> mtt^^yto^m^ 2%<t> x 

MfB^SS^lElgSom^^S^S A ^bT-^fc^^^ MIS 3 
-D(D®3QM<DW.%i2 7t (A) + <f>zl L (A) + 4> 2 U>> tfKJSSftfc^ 

.o 43. mm i KiB^^ww-ai^^-f v ^©tH*sME**neicuTjiv>fc 

4 4. mim* 3 fcfB«c©W^7y5r*-^43V>T, 

a , mmm i ^ mts $n^©^^^ 2 * 

(a), m^.yt^m^wyt^myt^m^\zmmt z&mm* 2 tc 

15 <*>^ L (A), MfBm2(D^^^(CcfcDtH*$n^cD^^S:2 7r4) 2 
(A) 

HuSB3O0&^©i^fP2 7C {<f> 1 (A) + <f>^ L (A) + (f) 2 (A)} 
20 C £ S#IStt5^7 ^ t-^-^ o 

©ffl*CD-CtffllS0 2 (A)t©3ftl^ / A + m / 2 (mSIt) -e&SHi: 
25 4 6. »^3S4 4{CfB«CDBj^Tyr^-^^^^ 
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SeaB3 0CD(fi:*HIS©*8Sl2 7C {0 1 (A) + <f)^ L (A) + * 2 (A)} ifis (2m' + 
1) • 7t (m* »MR) fcKJfe^n, «B»l©3t^«¥»©»ftJtittE» 
2 ©3&&$m^R©a-teJfc* t * ^iftfiflHSKfcfrfc; D^b<&S<i:5 «S6S tilt 

4 7. gff^4 4{Cf2ife©nJ^T^X^-^^V^T, 
MIB3^©&*B^©^B2 tc {<f> 1 (A) + <i)^l L (A) + <f) 2 (A)} 2m' • tc 

^#i£#]£©#i!£tt; ©£• 1 tefc 3 <fc 5 RJ£ * n& £ t br$~Z> ^% 

4 8 . «*3&K4 3 £§Bffc©*r^T^*-*£33^T, 
)£©ifcft£ A , fcftflBSi 1 ©3fr&#&#S^ e»ffi**T 3^©&*B^£ 2 tc <t> x 
(A), t9IE^S^##^©^W^KSIi^Lic:jeEg*r^*a^^2 %4>A- 

L (A), Htr|B^2©^^^^e»tB*'r^©&*BII&2 7C<f) 2 (A) t-r 

*3fB^eSM^HIBS©ai*3ift^SA fcM b T— 3£ & £ <£ "5 IC , H&IB3 
^>©^M©^fP27t {*! (A) +<f>^l L (A) + <f> 2 (A)} H*mMt£tl1tZ. 

<f> x (A), tiriE^K«^#«©3^^3fel6^^LfcSH^*^*** 2w 
<f>^l L (A), MIB^2©^^^^J:^£B^$n^>7 , 6©^*a^^2 7C<f) 2 

(a) £-r&£. 
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